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PREFACE.

The importance of the subject has claimed for

the Distillation of Alcohol much scientific and

practical investigation, both in this country and

abroad, but being confined for the most part to

elaborate and expensive works, or to the pages of

periodicals, the result of this investigation is

scarcely available to the large class interested in

this branch of industry.

The chief object of this work is to supply those

who are in any manner engaged in the distillation

and rectification of alcohol, and the manufacture

and sale of spirituous liquors, with a practical trea-

tise on those subjects in a volume of small size and

convenient arrangement, and within the means of

all. This treatise is principally based upon the mag-

nificent German work: Die Branntweinbrennerei

unci eleven Nebenziveige, of Dr. Karl Stammer, which

enjoys a well-deserved .reputation in Germany and
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France. But that book being too voluminous for

the object in view, to allow of its being translated

in its entirety, it has been my aim and study to

select the portions of most practical value, and by

condensing and combining them with material

gathered from widely scattered sources, to produce

a volume which, I believe, will furnish much use-

ful information to those for whom it is designed.

In the numerous and valuable collection of re-

ceipts for the preparation of liquors, liqueurs, cor-

dials, etc., which receipts have been mostly taken

from the German work on that subject by Dr. F.

Eisner, there will be found nothing but what is of

practical value, most of them having been tested

in Dr. E. Winkler's chemical laboratory in Offen-

bach-on-the-Main, before having been published in

Germany.

W. T. B.

Philadelphia, April 10, 1885.
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La felicite

;
Imperial liqueur . . . . . 308

Eau vert stomachique ;
Michilimakinak

;
Nectar du

Gen6rale Foy . . . . . . . 309

Nectar des Grecs ; Nectar de la Beaute ; Pour bon

appetit . . . . . . . . .310
Swiss liqueur; Eau de la Sultane Zoraide . . .311
Goutte nationale

;
Hamburg bitters

;
Eau nuptiale . 312

Coffee liqueur; Cordial water; Strengthening liqueur 313

Noah water
;
Orange liqueur

;
Rosemary liqueur . . 314

Rose liqueur ; Vanilla liqueur . . . . ,315

I^ DEX . • e » . e . . • • 31/



A

PRACTICAL TREATISE

ON THE

DISTILLATION AND RECTIFICATION OF

ALCOHOL, ETC.

L

ALCOHOL.

Properties of Alcohol

In a general and practical sense, by alcohol is

understood the spirit obtained by the distillation

of fermented liq uids, i. e., mixtures of alcohol and
water with small quantities of volatile aromatic
substances.

Distillates intended for a beverage, and contain-
ing from 40 to 50 per cent, by volume of alcohol,

are known by the general term of liquors, while
those intended for other purposes, and containing
up to and over 90 per cent, of alcohol, are termed
spirit. Liquors are known, according to the material
from which they are made, by the various names of
brandy or cognac, rum, whiskey, gin, etc.

3
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Although the commercial value of liquors in-

tended for beverages is to a considerable extent

determined by their flavor and taste, the intoxicat-

ing alcohol must be considered their most essential

constituent. The principal consideration in the use

of spirit is it's percentage of alcohol. Spirit deo-

dorized and deprived of its fusel oil by one of several

processes, is known in commerce by the names of

"pure spirit,
7
' "French spirit," etc.

Extensive and varied use is made of spirit in

many branches of industry. It is employed for

making liqueurs and various other spirituous

liquors, for compounding wines, in the preparation

of perfumes and varnishes, in the fabrication of

vinegar, chemical and pharmaceutical preparations,

and for many other purposes.

Spirituous liquors were known in the most remote

times. In the eighth century impure spirit of wine

was obtained by the distillation of wine. Eaymond

Lull, about the fourteenth century, was acquainted

with spirit of wine, which he called aqua ardens,

and made by distilling wine and concentrating the

distillate by means of potassium carbonate. Lowitz

subsequently succeeded in completely separating

the water by means of quicklime. Lavoisier de-

termined the constituents of alcohol, and Saussure

their proportional quantities.

Pure or absolute alcohol consists of carbon, hy-

drogen and oxygen in a proportion expressed by

the formula C
2
H

60, the composition in 100 parts

corresponding to :
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Ficr 1.

Carbon . . .... 52.17

Hydrogen 13.04

Oxygen ..... 34.79

In the chemical sense, it belongs to a series of

homologous bodies, the alcohols, which show a cer-

tain resemblance in regard to their chemical action.

Alcohol does not pre-exist in na-

ture, but is a product of the decom-

position of sugar. 1

Pure or absolute alcohol is a

colorless, very inflammable liquid of

an agreeable reviving odor and pun-

gent taste. Its specific gravity is

0.8095 at 0° C. (32° F.), 0.7947 at 15°

G. (59° F.), 0 7939 at 15.5° C. (60° P.),

and 0.792 at 20° C. (68° F.).

Alcohol has never been solidified.

Faraday exposed alcohol to a tem-

perature of 160° F. below zero
;

it

thickened, but did not congeal.

Hence the great use of spirit ther-

mometers when a very low tempera-

ture is required to be noted.

Pure alcohol taken inwardly has

1 M. A. Miintz, of the French National Agronomical Insti-

tute, announces that he has discovered traces of alcohol as a
natural product in cultivated soil, rain-water, sea- and river-

water, and the atmosphere. He has detected the product, it is

true, only in the most infinitesimal quantities, but he has
established the fact of its existence by analyses which are at

once simple, clear, and convincing.—W. T. B.
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a poisonous effect; injected into the veins it

rapidly produces death. It can be mixed with

water in all proportions, whereby much heat is

developed and a diminution in volume takes

place. This may be shown by mixing the two

liquids in the apparatus shown in Fig. 1, which

consists of a long glass tube, furnished with two

bulbs on the upper end, and having the elongated

neck of the higher bulb closed perfectly with a

ground-glass stopper. The tube and lower bulb

are filled with distilled water ;
when this is effected

alcohol is poured in, till the upper bulb is filled

;

the stopper is next replaced, and the tube gently

inverted. The two liquids now combine, and in

the tube an empty space is visible, which, before

combination, was completely filled. The space un-

occupied shows the amount of contraction in bulk

which has arisen from the combination of the alco-

hol and water ; an elevation of temperature also

takes place in consequence of the chemical com-

bination and the diminished specific gravity of the

mixture. Thus equal measures of alcohol of spe-

cific gravity 0.825, and water, each at 10° C. (50°

F.), when suddenly mixed, rise to 21° C. (69.8° F.),

and a mixture of equal parts of proof spirit and

water at 10° G. (50° F.) gives, under like circum-

stances, a mixture having a temperature of 15.5°

C. (60° F.). When alcohol and ice, or snow are

mixed, the temperature is considerably reduced.

Absolute alcohol, with a little more ice than it will
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dissolve, reduces the temperature as low as —37.2° C.

(—35° P.). Spirit of wine of 0.86 specific gravity

and 16° C. (60.8° F.) mixed with snow at 0° C.

(32° F.) is cooled down to —25.5° C. (—14° F.).

Alcohol dissolves resins, fats, volatile oils, ethers,

alkaloids, many organic acids, and some of their

salts. Iodine, bromine, phosphorus, and sulphur
dissolve in alcohol, though the latter two only

sparingly. Metallic carbonates and sulphates are

not soluble in alcohol, though many chlorides and
bromides are.

Alcohol boils at 78.3° C. (173° F.). It is very
inflammable, and, when anhydrous, burns with a

whitish flame, which deposits carbon on a cold sur-

face held in it ; when mixed with water the flame

is quite blue and no deposit of carbon is formed.

In the combustion of alcohol very little light is

emitted, but intense heat is given off. The specific

heat of alcohol is 0.615, i. e., it requires, in order

to heat it to a certain temperature, only -^-fa of the

quantity of heat necessary to bring a like quantity

of water to the same temperature. The quantity

of heat required to heat 1 kilogr. (2.2 lbs.) of

water 1 degree 0. is called a unit of heat. Hence
to heat 1 kilogr. (2.2 lbs.) of water from 0° to 100°

C. 100 units of heat are required
;
but, on the

other hand, to convert water of 100° into steam of

100°, 536 units of heat more are required, which,

as they are not perceptible on the thermometer,

are called latent. Hence to convert water of 100°
3*
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into steam of the same temperature, 5.36 times the

quantity of heat is required with which the same

quantity of water can be heated from 0° to

100° 0.

Alcohol cannot be heated further than to 78° C.

(172.4° T\), (we use this figure for the sake of brevity,

instead of the above more accurate one), and hence

only 78.0615 or 47.97 units of heat are required to

bring 1 kilogr. (2.2 lbs.) of alcohol to the boiling

point. The latent heat required to convert this

amount of alcohol into vapor amounts only to

of that for water, and therefore 208.9 units of

heat are required to convert 1 kilogr. (2.2 lbs.) of

boiling alcohol into alcoholic vapor.

Alcohol brought in contact with certain porous

bodies, for instance spongy platinum, oxidizes

slowly to aldehyde and acetic acid. Through the

action of ferments or microscopical plants, alcoholic

liquids oxidize also to dilute acetic acid or vinegar.

Alcohol exposed to a red heat with exclusion of air

decomposes, carbonic oxide, hydrogen, carbon, and

hydrocarbons being formed.

In mixing alcohol with water a contraction, as

stated above, takes place. It is greatest when 54

parts by volume of alcohol are mixed with 49.72

parts by volume of water, the mixture forming

not 103.72 parts by volume, but only 100 parts, so

that a contraction of 3.72 parts has taken place.

The greater the proportion of water the smaller

the contraction ; on mixing water and diluted alco-
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hoi, which has already suffered contraction, no
further change in the volume takes place.

The following table shows the contractions in

different proportions of mixtures, and their spe-

cific gravities.

100 measures contain measures of

Contraction.

Alcohol. Water.

l.UUUU o 100 000± \J\J < \J\J\J 0.000
1X °Q 0^ 0.055

u.yy 7U 2 Q8 1 1

1

OO. Ill 0.111
A (\c\fcnu.yyob a

tj 07 1 7fi 0.176
A An a oU.y942 4 0.242

5 05 R07 0.307
A AA1 Rr

6 04 382 0.382
A OAAO 7 98 4*i8 0.458
A OQAA 8 92 548 0.543
u.yo to 9 91.629 0.629
u.yooo 10 90.714 0.714

11 89.799 0.799
0.9843 12 88.895 0.895
0.9832 13 87.990 0.990
0.9821 14 87.086 1.086
0.9811 15 86.191 1.191
0.9800 16 85.286 1.286
0.9790 17 84.392 1.392
0.9780 18 83.497 1.497
0.9770 19 82.603 1.603
0.9760 20 81.708 1.708
0.9750 21 80.813 1.813
0.9740 22 79.919 1.919
0.9729 23 79.014 2.014
0.9719 24 78.119 2.119
0.9709 25 77.225 2.225
0.9698 26 76 320 2.320
0.9688 27 75.426 2.426
0.9677 28 74.521 2.521
0.9666 .29 73.617 2.617
0.9655 30 72.712 2.712
0.9643 31 71.797 2.797
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100 measures contain measures of

iapecmc gravity. \jU U. 1 1 C 1 1U UL •

Alcohol.
"ITT _ J_ rtWater.

o,9ool 32 70.883 O OOO2.000
A AP 1 O0.9olo 33 69.958 2.9oo

0,9o0o 34 69.034 O AO A3.034

0.9092 35 68.109 O i AA0.109

0.9o79 36 67.184 O -i O A3.184

0.956o 37 66.250 O OKA3.250

0.9550 38 65.305 O O APT3.300
/\ n trot1

0.9535 39 64.361 0 0^*1
3.351

0.9ol9 40 63.406 O Af\f*O.40O
A A r?AO0.950o 41 62.451 O A X iO.401
a n low0,9487 42 61.497 0 a coy3.497
A A A0.9470 43 60.532 3.0o2
A f\ A * CI
0. 94o2 44 59.558 O Fr frOO.OOO

0.94oo 45 58.593 O KAO3.093

0.9417 46 57.618 O.Olo
A AOAA 47 56.644 Q R A AO.044
A AOO 10.9ool 48 55.699 O /2AA

A AOPO0.9oo2 49 54.685 0 COS0.O0O
A AO A O0.9o4o 50 53.700 O ryAA3.700
A A OOO0.9o2d 51 52.705 O )Vf\KO.700
A AOAO
0. 9o0o 52 51.711 O 171 10.711
A AOOO0.9283 53 50.716 6. lib
A AOPO0,9263 54 49.722 O I700

0. 722

0.9242 55 48.717 3.717
A Aflfl 10.9221 56 47.712 O IVA O0.712

0.9200 57 46.708 0 tvno
3.708

0.9178 58 45.693 O PAO3.093

0.9156 59 44.678 3.678
A 01 34 60 43.664 O. U ') Tt

0.9112 6t 42 649 3.649

0.9090 62 41.635 3.635

0.9067 63 40.610 3.610

0.9044 64 39.586 3.586

0.9021 65 38.561 3.561

0.8997 66 37.526 3.526

0.8973 67 36.492 3.492

0.8949 68 35.457 3.457

0.8925 69 34.423 3.423

0.8900 70 33.378 3.378

0.8875 71 32.333 3.333

0.8850 72 31.289 3.289
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100 measures contain measures of
Specific gravit y. Contraction.

Alcohol Water.

0.8825 no
l o 30 9AA 3.244

0.8799 74 9Q 1QO 3.190
0.8773 (O /CO. LOO 3.135
0.8747 7ft 97 OftO 3.080
0.8720 i i

9ft 01 ft 3.016
0.8693 7ftto 9zt 0^1 2.951
0.8665 7Q OQ Q177 2.877
0.8639 ftOOU 99 ft99 2.822
0.8611 ft1 91 7zl7 2.747
0.8583 O/Q 90 ft7Q 2.673
0.8555 ft3 1 Q ^Qftla. Ovo 2.598
0.8526 ft/l04: 1ft ^1/1J O. Oli 2.514
0.8496 ft^ 1 7 4.1 Q1 i .

e±la 2.419
0.8466 ftft 1 A 39zL 2.324
0.8436 87 15.230 2 230
0.8405 14 19,fi 2 125
0.8373 89 13.011 2.011
0.8339 90 11.876 1.876
0.8306 91 10.751 1.751
0.8272 92 9.617 1.617
0.8237 93 8.472 1.472
0.8201 94 7/318 1.318
0.8164 95 6.153 1.153
0.8125 96 4.968 0.968
0.8084 97 3.764 0.764
0 8041. 98 2.539 0.539
0.7995 99 1.285 0.285
0.7946 100 0.000 0.000

The boiling points of mixtures of alcohol and

water lie between those of the two constituents

(173° and 212° F.), it being the nearer to the one

or the other limit, the more of the respective con-

stituent the mixture contains. The vapors escap-

ing in boiling have not the same composition as the

mixture, but contain a greater proportion of alcohol.
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Hence the percentage of alcohol is not constant,

but decreases as the portion rich in alcohol escapes,

until finally an entire volatilization of the alcohol

present, and only of a part of the water, is effected,

and pure water remains as a residue.

A mixture consisting, for instance, of 1 part of

alcohol with 14 of water, i. e., a fluid of 6.7 per

cent., evolves, in the commencement of boiling,

vapors containing 60 per cent, of alcohol. After

the evaporation of ^ of the volume of the fluid,

the vapor contains 54 per cent., after the evapora-

tion of ^ 48 per cent., and so on.

The reverse takes place in fluids very rich in

alcohol, for instance, such as contain only 2 to 3

per cent, of water. They yield at first vapors poor

in alcohol, pure alcohol being only volatilized after

some time.

The following table compiled by Groning and

completed by Otto gives the boiling points of

different mixtures and the percentage of the escap-

ing vapors. It is to be regretted that the table has

not been carried out further, especially for the

liquids poor in alcohol, as it would be desirable for

the properjudging of many occurrences in the distil-

ling process, to know the respective proportions for

fluids with between 0 and 1 per cent, of alcohol.
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Table L

Percentage of alco-
hol ill 100 narkIJ vl JL IX X v./ \J |/tll to

by volume of the
boiling fluid.

Boiling temperat
of the\J 1 L XX \j

C.

ure (temperature
t Cv y \J I J

F.

Percentage of alco-
hol in TOD 'navt.'s hv
volume of the con-
densed vapor.

-—. _ .

on 1 i-iV 09
en 1 to on kyu. o

1 /o QOov
60 81.3 178.3 87

1 so ^lOU. O
40 83.8 183 82
30 85 185 78
20 87.5 189.5 71

18 88.8 192 68
15 90 194 66
12 91.3 196.3 61

10 92.5 198.5 55
7 93.8 201 50
5 95 203 42
3 96.3 205.3 36
2 97.5 207.5 28
1 98.8 210 13
0 100 212 0

Alcoholic liquids are formed from saccharine

fluids by a peculiar process, called fermentation, of

which we will speak later on. The liquids thus

formed contain but a small percentage of alcohol,

and, in order to make them richer, the above-men-

tioned properties of mixtures of water and alcohol

are made use of, and alcohol of varying strengths

prepared by distillation.

By repeated distillation a liquid containing 95

per cent, of pure alcohol can be obtained.

To produce pure anhydrous alcohol, the tendency
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of substances such as quicklime, calcium chloride,

potassium carbonate, anhydrous copper sulphate,

etc., to withdraw water from liquids with which

they are brought in contact, is taken advantage of.

A retort is filled with fragments of burnt quick-

lime and spirit of 90 per' cent, poured on to it.

After standing for a day, it is distilled with the aid

of a water bath ;
the distillate is nearly anhydrous

;

to remove the last traces of water it is necessary to

leave it for some time in contact with caustic baryta,

and, to rectify it again.

The least trace of alcohol in an aqueous solution

can be readily detected by adding to the liquid a

little benzoyl chloride, which is slowly acted upon

by water, but forms with alcohol -

at once, ethyl

benzoate, a liquid having a very characteristic odor,

and which will be readily perceived after the

excess of the chloride has been destroyed by caus-

tic potash. By means of this reaction the presence

of 0.1 per cent, of alcohol in a few fluidrachms of

water can be shown.

From what has been said in the foregoing, the

principal parts of the execution of the distilling

process can be readily distinguished.

The saccharine fluids are first subjected to fer-

mentation under such conditions as to effect the

utmost formation of alcohol. The resulting alco-
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holic fluid is then distilled in such a manner, and

as often as is necessary, to obtain a liquid of the

desired strength.

The saccharine fluids used for fermentation are

not, however, only such as are produced by nature,

but some are also prepared by chemical processes

from substances containing starch, and used in the

same manner as natural ones.

Our principal task will therefore be the considera-

tion of the production of alcoholic fluids from saccha-

rine substances, and from such as contain starch,

and next the process of gaining spirit from these

fluids.

By allowing sugar solutions to ferment, the chief

products will be alcohol and carbonic acid, the

latter of which escapes. By distilling such fluid,

pure spirit will be obtained in the distillate, and
pure water in the residue. But as pure sugar solu-

tions are never used in practice, the distillate as

well as the residue consists of various substances,

the first containing, besides alcohol, volatile sub-

stances developed during fermentation from the

non -sugar substances, and the latter, besides water,

all non-volatile substances contained in the mate-

rials used, or produced from their constituents

during fermentation.

The residue thus composed is called swill, and
the volatile substances mixed with the spirit fusel

oil. The character of the latter differs according

to that of the fermented material; it imparts to the

4
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product of distillation certain peculiarities of taste

and odor, which indicate its origin. In many

cases these peculiarities are esteemed and valuable,

and are retained in the spirit, while in others they

constitute an impurity which must be removed

before the spirit can be used for other purposes.

The process of removing the fusel oil is called

rectification, and constitutes a special branch of the

manufacture of spirit.

XL

ALCOHOLOMETRY.

This is the process of ascertaining the centes-

imal quantity of anhydrous alcohol in a spirituous

liquid. It is generally accomplished by determin-

ing the specific gravity of the liquid, but it is in

this case absolutely necessary that only alcohol and

water should be present. The quantity of alcohol

in spirit containing much volatile oil or saccharine

matter, etc., cannot be at once found by its specific

gravity.

It happens sometimes that only small quantities

of the alcoholic fluid are at command. In such a

case it is impossible to obtain a correct result by

determining the specific gravity of the few drops

of alcohol obtained by distillation. It is then safer

to subject the alcohol to organic analysis by com-
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bustion with oxide of copper, and to calculate the

quantity of absolute alcohol from the resulting

carbonic acid and water.

The basis of practical alcoholometry in Germany,
England, Eussia, etc., are the numerous experiments
by Gilpin. He did not use absolute alcohol, which
could not be prepared in his time, but a mixture
of 89.2 parts by weight of alcohol and 10.8 parts

by weight of water. Tralles completed Gilpin's

work, and his tables are the ones now in use.

In France alcoholometry is based upon Gay-
Lussac's experiments, the results of which have
only been recently published, and have been ex-

amined and confirmed by a commission of the

French Academy. Gay-Lussac's statements corre^

spond with those of Gilpin. Of less importance
for the present time are the experiments made by
Eichter, Lowitz, Meissner, Gouvenain, Delezenne,

and others. Drinkwater's careful work, and also

that by Fownes, only confirm the accuracy of

Gilpin's results.

The percentage of absolute alcohol may be stated

by one of two methods; namely, by weight or

volume. Liquors being sold by measure and not

by weight, the centesimal amount by volume is

usually preferred. But as the bulk of liquids

generally, and particularly that of alcohol, increases

by heat, it is necessary that their reputed richness

should have reference to some normal temperature.

This standard, as fixed by Tralles, is 60° F.
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The following table has been elaborated accord-

ing to Gilpin-Tralles, and gives the specific gravity

S of the spirit, in la for a percentage of alcohol,

increasing from % to in I b for a percentage of

alcohol increasing from *
/ . to *

/ . The temperature

of the spirit has been taken at 60° F., and also that

of the water, whose specific gravity shall be equal

1. For the alcoholometry the reverse value of the

specific gravity i, the so-called specific volume V

is of greater importance, hence its value has been

added to the table.

By taking the specific volume or the specific

gravity of a spirit at 60° F., the percentage of

alcohol, the per cents, by volume (%) as well as

the per cents, by gravity (•/.), can be readily seen

from the table. The table is also sufficiently con-

venient to serve for the conversion of per cents, by

volume (%) into per cents, by gravity (•/.).
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Table.

Specific gravity (S) and specific volume (V) of

spirit at 60° F.

I a. Percentage of alcohol according I b. Percentage of alcohol according

to per cents, lby volume. °/o .
to per cents, by gravity. •

J %

°/o J3. V. •/. V.

A0
4 AAAA1.0000 1.0000 0 1.0000 1.0000

1 0.9985
4 f\f\ A

1.0015 1 0.9981 1.0019
a 0.9970 1.0030 2 0.9963 1.0037
0 0.9956

A f\ /"\ A A

1.0044 3 0.9944 1.0056
4 0.9942 1.0058 4 0.9928 1.0073
0 0.9928 1.0073 5 0.9912 1.0089
6 0.9915 1.0086 6 0.9896 1.0105
7 0.9902 1.0099 7 0.9880 1.0121
oO 0.9890

•4 f\ -4 A -A

1.0111 8 0.9866 1.0136 •

9 A AorvA
0.9878

-I f\ A C\ A

1.0124 9 0.9852 1.0150
i AID 0.9866

•4 f\ a t~\ /"»

1.0136 10 0.9839 1.0164
1 1 \J.VOOrt 11 1 A 1 PfPf1.0177
12 0.9843 1.0160 12 0.9813 1.0191
13 0.9832 1.0171 13 0.9800 1.0204
14 0.9821 1.0182 14 0.9788 1.0217
15 0.9811 1.0193 15 0.9775 1.0230
16 0.9800 1.0204 16 0.9763 1.0243
17 0.9790 1.0215 17 0 9751 1.0255
18 0.9780 1.0225 18 0.9739 1.0268
19 0.9770 1.0235 19 0 9727 1.0281
20 0.9760 1.0246 20 0.9714 1.0294
21 0.9750 1.0256 21 0.9702 1.0307
22 0.9740 1.0267 ' 22 0.9690 1.0320
23 0.9729 1.0279 23 0.9677 1.0334
24 0.9719 1.0289 24 0.9664 1.0348
25 0.9709 1.0300 25 0.9651 1.0362
26 0.9698 1.0311 26 0.9637 1.0377
27 0.9688 1.0322 27 0.9622 1.0393
28 0.9677 1.0334 28 0.9607 1.0409
29 0.9666 1.0345 29 0.9592 1.0425
30 0.9655 1.0357 30 0.9577 1.0442
31 0.9643 1.0370 31 0.9560 1.0460
32 0.9631 1.0383 32 0.9544 1.0479

4#



42 DISTILLATION AND RECTIFICATION OF ALCOHOL.

I a. Percentage of alcohol according
to per cents, by volume.

I b. Percentage of alcohol according
to per cents, by gravity.

% 8. V.

33 0.9618 1.0397

34 0.9605 1.0411

35 0.9592
-i A A C\ f
1.042D

36 0.9579 1.0440

37 0.9565 1.0455

38 0.9o50 1.0471

39 0.9o35 1.0488
A /"V

40 0.9ol9
•4 A r~ A f
1.050a

41 0.9503 1.0523

42 0.9487 1.0541

43 0.9470 1.0560

44 0.9452 1.0580

45 0.9435
H A i \A
1.0599

46 0.9417
-4 A /» -i A
1.0619

47 0.9399
~i A /~j o A
1.0639

48 0.9381 1.0660
A r\

49 0.9362 1.0683

50 0.9343 1.0703

51 0.9323 1.0726

52 0.9303 1.0749

53 0.9283 1.0772

54 0.9263
h a A C
1.0795

55 0.9242
4 AAAA
1.0820

56 0.9221
-i AO A T~

1.0845

57 0.9200 1.0870

58 0.9178 ' 1.0896

59 0.9156 1.0922

60 0.9134 1.0948

61 0.9112 1.0975

62 0.9090 1.1001

63 0.9067 1.1029

64 0.9044 1.1057

65 0.9021 1.1085

66 0.8997 1.1115

67 0.8973 1.1145

68 0.8949 1.1175

69 0.8925 1.1204

70 0.8900 1.1236

71 : 0.8875 1.1268

72 0.8850 1.1299

•A

33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51

52

53
54
55

56
57

59
60
61

62
63
64
65
66
67
68
69

70
71

72

0.9526
0.9508
0.9490
0.9472
0.9453
0.9433
0.9413
0.9394
0.9374
0.9353
0.9332
0.9311
0.9291
0.9269
0.9248
0.9227
0.9204
0.9183
0.9160
0.9138
0.9116
0.9094
0.9072
0.9049
0.9027
0.9004
0.8981
0.8958
0.8935
0.8911
0.8888
0.8865
0.8812
0.8818
0.8795
0.8772
0.8748
0.8724
0.8700
0.8676

V.

1.0498
1.0518
1.0537
1.0557
1.0579
1.0601

1.0623
1.0645
1.0668
1.0692
1.0716
1.0740

1.0763
1.0789
1.0813
1.0838
1.0864
1.0890
1.0917
1.0943
1.0970
1.0996
1.1023
1.1051

1.1078
1.1106
1.1135
1.1163
1 1192
1.1222
1.1251
1.1280
1.1310
1.1340
1.1370
1.1400
1.1431

1.1463
1.1494
1.1526
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1 a. Percentage of alcohol according I &. Percentage of alcohol according
to per ceuts. by volume. J0

1

to per cents, by gravity. •

j t

V. /•
Cf

V.

0 8825 1 1332 73 0 8652 1 1 5581 . I OOO
74 0 8790U, O 1 ft' 1 1365 74 0 8620 1 1 580X . 1 OOd
75 0 8773 1 13QQ 75 0 8605 1 1£91

76 0 8747 1 1433 76 0 8581v. OOO X 1 1fi541. 11)04:

77• < 0 8720 1 1468X • X t:U (J 77 0 8557 1 1 R8fiX . 1 oou
78 0 8693 1 1504 78 0 8533 1 1 71 Q

79 0 8666 1 1541X • X »J t: X 70 0 8500 1 1753X . X i JO
0 8639 1 1577X « X tJ I 1 80 0 8484 1 1 787X.J i o I

81 0 8611 1 1613 81Cj X 0 8450 1 189,9!

82 0 8583 1 1651X . -1 V(J X 82 0 8435 1 1855X . lOOO
83 0 8555 1 1689X . X UUu 83 0 8409 1 1809,X • X OO/O

84 0 8526 1 1729 84 0 8385
'

1 1Q9fi

85 0.8496 1.1770 85' 0.8359 1.1963
86 0 8466 1 1812 86 0 8333 1 2000
87 0.8436 1.1854 87 0.8307 1.2038
88 0.8405 1.1898 88 0.8282 1.2074
89 0.8373 1.1943 89 0.8256 1.2112 .

90 0.8339 1.1992 90 0.8229 1.2152
91 0.8306 1.2040 91 0.8203 1.2191
92 0.8272 1.2089 92 0.8176 1.2231
93 0.8237 1 2140 93 0.8149 1.2272
94 0.8201 1.2194 94 0.8122 1.2312
95 0.8164 1.2249 95 0.8094 1.2355
96 0.8125 1.2308 96 0.8065 1.2399
97 0.8084 1.2370 97 0.8036 1.2444
98 0.8041 1.2436 98 0.8006 1.2491
99 0.7995 1.2508 99 0.7976 1.2537

100 0.7946 1.2585 100 0.7946 1.2585

Example—What per cent, by gravity contains

spirit of 36.4 per cent, by volume of alcohol ?

Table I a shows :—

36 °/0 corresponds to F= 1.0440.

37 % corresponds to V= 1.0455.

Difference of 1 % corresponds to difference of 0.0015.
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Difference of 0.4 % corresponds to difference of 0.4 x 0.0015=
0.0006.

Hence,

36.4 % corresponds to V— 1.0446.

Table I b shows :

—

F= 1.0042 corresponds to 30 •/.

V— 1.0460 corresponds to 31 •/.

Difference of 0.0180 corresponds to difference of 1 •/.

Difference of 0.0004 corresponds to difference of
Q Q0Q4 =
0.0018

0.21 •/.

Hence,

V= 1.0446 corresponds to 30.2 •/.

And, therefore, 36.4 <f0 is as much as 30.2 •/.

In the practical application of the preceding

table when graduating the alcoholometer, it is re-

quisite to have two liquids of standard strength

and temperature. Distilled water may be one of

these, and the other any alcoholic liquor, the per-

centage of which has been precisely determined,

but it is necessary that both should be at 60° F.

The level at which the instrument stands should

be scratched on the stem, and the intermediate

space accurately divided according to the strength

of the liquid. In constructing the alcoholometer,

it is essential that its stem should for ordinary pur-

poses be as uniform as possible. Tubes which do

not vary throughout their length more than one-

thirtieth of their diameter may be used.

Gay-Lussac's instrument is like a glass hydro-

meter, the stem of which is divided into degrees

like that of Tralles, to indicate the percentage of
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alcohol by volume, but the temperature at which

the graduation is made is 15° G. (59° F.), in-

stead of 60° F., as the normal temperature of

Tralles's tables. Water is taken as unity at this

temperature. The stem of the instrument is divided

from the point at which it stands in water into 100

divisions, so that each on the scale is equal to one

per cent, of alcohol; the one-hundredth division

indicates pure or absolute alcohol, while 0, or zero,

equals pure water at 15° G. (59° F.).

The instrument, if immersed in an alcoholic

liquor at 59° F., marks the strength by the number

of degrees below the surface; thus, if the alcoholo-

meter stands at 57 in a liquid at 59° P., such a

solution contains 57 per cent, by volume of alcohol.

In consequence of the temperature 59° F. being

taken by Gay-Lussac as the fundamental number

for determining the relation, the percentage of

alcohol, and the specific gravities are in a slight

degree different from those of Tralles, but the

variation is so minute that in practice it may be

overlooked.

Baume's areometer is so well known that it is

not necessary to describe it, and we will only men-

tion the principle upon which it is constructed.

Dissolve 10 parts of sodium chloride in 90 parts of

distilled water, and dip the glass areometer, pro-

vided on the bottom with a mercury ball, into the

solution, mark the point to which it sinks 0 ; then

place the areometer in distilled water and mark the
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level at which the instrument stands, 10. Divide

the portion between 0 and 10 into ten equal parts,

and then divide the entire tube into such parts, and

the areometer is ready for use.

The following table gives the alternate relation

of the degree of Baume's areometer to the specific

gravity of the liquid at a temperature between 13.5°

and 15.5° C. (56.3° and 60° P.).

Degrees of Corresponding Degrees of Corresponding
Baume's specific gravity. Baume's specific gravity
areometer. areometer.

50 0.782 29 0.884

49 0.787 28 0.889

48 0.792 27 0 895

47 0.796 26 0.900

46 0.800 25 0.906

45 0.805 24 0.911

44 0.810 23 0.917

43 0.814 22 0.923

42 0.820 21 0.929

41 0.823 20 0.935

40 0.828 19 0.541

39 0.832 18 0.948

38 0.837 17 0.954

37 0.842 16 0 961

36 0.847 15 0.967

35 0.852 14 0.974

34 0.858 13 0.980

33 0.863 12 0.987

32 0.868 11 0.993

31 0.873 10 1.000

30 0.878

Fig. 2 represents Sikes's hydrometer, used in

England to ascertain the real strength or percentage

of alcohol. It is so arranged that the weight of
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Fig. 2.

the replaced liquid is determined by mean
weights. The instrument is of metal, and

stem is divided into ten divi-

sions. Below the bulb is a

thin stem upon which the nine

weights (four of which are

shown in the illustration),

marked from 10 to 90, are

placed
;
they correspond to the

division of the upper stem.

When the instrument is dip-

ped into an alcoholic liquor,

the entire stem projects. It is

pressed with the finger till sunk

to 0, or zero, so as to wet the

whole of the stem
;
from the re-

sistance felt, experience teaches

which weight will be required

to append to it. After slipping

on the weight, the instrument

is again immersed in the liquid,

and pressed with the hand till

it has descended to 0 on the

scale
;
the pressure of the hand

is then withdrawn, and the in-

strument is allowed to emerge

and settle at the proper point

of the density of the liquid,

as indicated by the scale and

"weights. The figure on the

s of

the
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scale to which the hydrometer sinks is now care-

fully observed, and the weight placed upon the

lower stem added thereto ; this sum will, by refer-

ence to the tables accompanying the instrument,

give the percentage of alcohol. The strength is

expressed in numbers, denoting the excess or defi-

ciency per cent, of spirit in any sample. Three

sliding rules which are used instead of the tables,

likewise accompany the hydrometer. The exact

temperature of the liquid should be taken previous

to ascertaining the gravity, as the difference in

temperature, if not corrected, would give as the

result, a weaker or stronger liquor than if the

thermometer stood at 60° F.

Dicas's hydrometer is used in America for test-

ing distilled liquors; it is made of copper with a

stem pointed on the summit to receive brass poises,

and is accompanied by a graduated ivory scale,

with a sliding rule and thermometer to make cor-

rections for temperature. By this instrument the

strength of the spirit is indicated, as with Sikes's

hydrometer, by a certain number above proof.

In the distillation of spirit it is often necessary

to reduce stronger alcoholic liquors to lower de-

grees of strength ; and unless the amount of con-

traction which, as previously- stated, takes place on

mixing alcohol and water is known, considerable

labor will be required to bring the mixture to the

desired quality. The following table shows the
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relative volumes of alcohol and water, which, when
mixed, make up 100.

100 volumes of spirit contain at 100 volumes of spirit contain at
'

15° C. (59° F.) 15° C. (59° F.)

Volumes of Vol umes of Volumes of Volumes of
alcohol. Water. alcohol. water.

100 0.00 45 58.64
95 6.18 40 63.44
90 11.94 35 68.14
85 17.47 30 72.72
80 22.87 25 77.24
75 28.19 20 81.72
70 33.14 15 86.20
65 38.615 10 90.72
60 43.73 5 95.31
55 48.77 0 100.00
50 53.745

We give in the following a contraction of Gay-

Lussac's table, which shows the per cent, of volume
of water, which is to be added to a liquor, of what-

ever strength, to bring it to any degree of dilution.

The upper horizontal column contains the per cent,

of the stronger alcohol, and the vertical columns
below, the bulk of water which is to be added to

100 volumes of it to produce spirit of the quality

indicated in the left-hand column.

5
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IIL

RAW MATERIALS.

I. Saccharine Raw Materials.

1. Sugar, a. Cane sugar consists of:

—

Carbon 42.1

Hydrogen . . . . 6.4

Oxygen 51.5

100.0

This composition is expressed by the formula

C
l2
H

22
Oa .

Sugar contains no water of crystallization.

It occurs in the juices of many plants, in most sweet

fruits, in the nectar of flowers, and in honey. In the

greatest abundance it is found in sugar cane, Sorgho

saccharatum (the Chinese or Asiatic sugar cane), in

beet-root, in sugar maple, and several palm trees.

The specific gravity of cane sugar at 17.5° C.

(63.5° F.) is 1.5813. It crystallizes in large color-

less monoclinic prisms, and emits a phosphorescent

light when broken in the dark with a hammer.

In cold water, one-third of its weight is required

for solution, but in boiling water it dissolves in

any proportion. It is insoluble in absolute alcohol

at an ordinary temperature, but is easily soluble in

dilute alcohol, and the more so the more water the

latter contains, the solubility increasing with the

temperature.
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Sugar melts at 160° C. (320° F.) to a clear liquid

;

when heated to 215° C. (419° F.) it loses water, and

is converted into caramel, a brown, bitter, amor-

phous substance which is not fermentable.

The property of cane sugar to turn the plane of

polarization to the right is made use of for the

quantitative determination of sugar in solution, the

angle of rotation being exactly proportional to the

quantity of sugar contained in layers of equal thick-

ness. The saccharometer of Soleil, an instrument

in general use for this purpose, is provided with a

graduated circle, divided in such a way that 100

divisions express the rotation caused by a plate of

quartz of one millimeter (0.039 inch) in thickness.

Now, as exactly the same rotation is produced by
a layer of a solution of cane sugar having a length

of 20 centimeters (7.87 inches) and containing

164.71 grammes (5.81 ozs.) of sugar in one liter

(2.113 pints), it is only necessary, in order to ascer-

tain the quantity of sugar in a substance, to dissolve

164.71 grammes (5.81 ozs.) in water, diluting to one

liter (2.113 pints), and observing the rotation which

it produces; the number of divisions being equal

to the percentage of sugar.

By boiling sugar with acids or subjecting it to

the action of ferments, such as yeast, it takes up

one equivalent of water and is resolved into equal

parts of dextrose and levulose. The solution of

these two glucoses turns the polarized, light to the

left hand, the specific rotatory power of levulose
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being greater than that of dextrose ; and a mixture

of these two sugars is therefore called inverted

sugar.

Pure sugar is scarcely ever used for the manu-
facture of alcohol, but materials of which it forms

the chief constituent, such as molasses, sugar cane,

etc., contribute a large quota to the manufacture of

spirit.

b. Glucose and grape sugar. The variety of sugar

known by this name is obtained from grapes, honey,

etc., and for technical purposes, by the conversion

of starch by means of acids or diastase.. It crystal-

lizes from an aqueous solution in cauliflower-like

masses, and from hot alcohol in warty, anhydrous

needles. The formula of glucose is C
12
H

24
0

]2 , or

C
6
H

12
0

6 ,
i. e. it contains one equivalent of water

more than cane sugar, and in a crystallized state

contains, besides, two equivalents of water of crys-

tallization. To avoid confusion of ideas the follow-

ing statements seem necessary : The word glucose,

in this country, is employed among dealers to desig-

nate exclusively the thick syrup which is made
from corn-starch. Grape sugar is applied to the

solid product obtained from the same source. Glu-

cose is a thick, tenacious syrup, almost colorless or

of a yellowish tint. It has an. average specific

gravity of 1.412 at 20° G. (68° F.). That which is

made for summer consumption is a little denser

than that manufactured for winter use. This syrup
5*
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is so thick that, in the winter, it is quite difficult to

pour it from one vessel into another.

The sweetness of glucose, e., the intensity of the

impression it makes on the nerves of taste, varies

greatly with different specimens. Some kinds

approach in intensity the sweetness of cane sugar,

while others seem to act slowly and feebly. It has

been shown that the degree of sweetness depends

on the extent of the chemical changes which go on

in the conversion of starch into sugar. "When the

process of conversion is stopped as soon as the

starch has disappeared, the resulting glucose has a

maximum sweetness. The color of glucose depends

on the thorough washing of the substance, during

the process of manufacture, through animal char-

coal, and lowness of temperature at which it is

evaporated, and rapidity of evaporation.

The grape sugar made from corn-starch, when
well made, has at first a white color, but has a ten-

dency to assume a yellowish tint when old. It is

hard and brittle, does not usually take on a visible

crystalline structure, and is less soluble in water

than cane sugar. It is much less sweet to the taste

than glucose, and a faint bitter after-taste is to be

perceived.

Glucose melts at 170° C. (338° F.), losing water at

the same time and being converted into ghicosan,

a colorless mass, which is scarcely sweet to the

taste, and which by boiling with a dilute mineral

acid is reconverted into dextrose.
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By the action of certain ferments, glucose is

readily converted into several products, the princi-

pal being alcohol and carbonic acid.

Both, glucose and grape sugar, are used in various

fermenting industries, but not much in the distilla-

tion of spirit. Glucose is always found as an inter-

mediate product where materials containing starch

are employed for the manufacture of alcohol.

c. Levulose is a colorless uncrystallizable sugar

of the same composition as glucose, from which it

differs especially in its optical action, its solution

turning the plane of polarization to the left. It is

found in many ripe acid fruits, in the liquid part of

honey, etc., and is formed, besides glucose, by the

action of acid or yeast upon cane sugar, the product

being always a mixture of both substances.

Levulose forms a colorless syrup of a sweet taste

resembling that of cane sugar, and is soluble in

water and in alcohol. It cannot be obtained in a

crystallized form.

d. Inverted sugar has, like the two foregoing, the

composition C
12
H

24
0

12
. It is formed, as stated, by

the action of yeast or acid upon cane sugar, and
also occurs in some fruits. Inverted sugar consists

of one atom each of glucose and levulose, its action

upon polarized light being in consequence of this

composition. It is syrup-like, and when allowed

to stand exposed to the light, glucose in a crystal-

line form is separated. It is brought to fermenta-

tion by yeast.
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Glucose, levulose and the mixture of both, in-

verted sugar, constitute therefore the actual material

for fermentation. The chemical behavior of the

three varieties of sugar differs but little, they being

especially equivalent as regards the formation of

alcohol. No difference is, moreover, made in prac-

tice, and, a misconception being scarcely possible,

after what has been said, we will hereafter indicate

all the mentioned sugars, with the exception of cane

sugar, as glucose, or briefly as sugar. A more

accurate distinction is of no special importance for

the practical part of the distillation of spirit.

2. Molasses.—By this term is generally under-

stood the brown, viscid, uncrystallizable syrup which

drains off from sugar in the process of manufacture

while cooling. It has a density of 82 to 86 per

cent. (43° to 45° Beaume), and contains from 16 to

19 per cent, of water.

The percentage of sugar in molasses varies

between 46 and 53 per cent., being on an average

about 50 per cent. Molasses from sugar houses,

where great care is exercised in crystallizing the

.after-products, contains less.

The constituents of molasses, besides water and

sugar, are manifold and partly not accurately known.

By incineration 9 to 12 per cent, of mineral consti-

tuents are found, consisting principally of potassium,

sodium, and lime combined with carbonic acid ori-

ginating from organic substances; further, metallic

chlorides, sulphates, etc. Potassium carbonate is

always the principal constituent. Asparagin, beta'ine,
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ulminie, and huminic substances have been found
among the organic substances ; it contains, besides,

nitrogenous and unknown acid-like combinations

which form with potassium and sodium a kind of

organic salts which produce, by incineration, the

carbonates.

To find the composition of molasses as far as is

of interest to practice, the water is determined by
drying, or only approximately with the saccharo-

meter, the -sugar by polarization, and the mineral

substances by incineration, the organic substances

constituting wrhat is missing.

The following figures were found in analyzing

different varieties of molasses, and may serve to

give a general idea of its composition :—
Water . . . 16.8 15.2 18.0 19.0 19.7

Sugar . . . 50.1 49.0 48.0 46 9 49.8
Foreign, organic, and
mineral substances 33.1 35.8 34.0 34.1 30.5

100.0 100.0 100.0 100.0 100.0

The following analyses enter somewhat more into

details :

—

Water 20.00 16.6 24.5 14.48

Sugar .... . 52.73 50.1 43.5 \

Non -nitrogenous organic sub- 64.21

stances . . . .9.18 13.5 13.3 J

Nitrogenous organic sub-

stances . . . .9.45 8.9 7.8 6.23

Nitric acid . . . .0.18
Ash after deducting carbonic

acid 8.46 10.8 10.9 9.88

100.00 100.0 100.0 100 00

Percentage of nitrogen . 2.01 1.82 1.25 0.98
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For the utilization of the swill, the composition

of the mineral substances is of importance. We
therefore give the following results of analyses of

molasses;

—

100 parts of ash gave :

—

Carbonic acid . 28.90 27.94 28.70 26.11 30.84

Silicic acid 0.02 0.17 0.30 0.07

Sulphuric acid . 1.33 1.52 1.41 1.89 2.15

Chlorine . 6.05 8.16 6.97 7.69 10.42

Phosphoric acid 0.57 0.55 0.17 0.17

Ferric oxide 0.50 0.18 0.14 0.20 0.04

Alumina . 0.17 0.11 0.53

Lime 5.04 3.60 3.12 3.39 15.16

Magnesia . 0.18 0.10 0.18 0.32

Potassium 51.72 47.67. 50.38 )

8.29 S

61.66 41.19

Sodium . 8.00 11.43

104.28 101.43 99.89 101.73 99.87

Deduct for oxygen 1.36 1.84 1.37

101.12 99.59 98.52

3. Beets.—The beet belongs to the family Che-

nopodium and genus Beta. The two kinds most

commonly cultivated are the red (B. vulgaris) and

the white (B. cicla). The juice of these varieties

contains, besides crystallizable sugar, albuminous

substances, salts and extractive substances but in-

completely known. The quantity of these consti-

tuents varies according to the variety and the man-

ner of growth. In the manufacture of sugar from

beets with an equally large absolute percentage of

sugar, the yield depends on the proportion of sugar

to the total quantity of the other constituents, while
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the yield of alcohol depends solely on the percentage

of sugar, and is not influenced by the foreign con-

stituents. Hence the selection of the best beets is

not of the same importance as for the manufacture

of sugar, and beets which cannot be advantageously

worked for sugar may give a paying yield of alcohol.

Composition of Beets.—The flesh of beets consists

of a cellular tissue containing the juice in the form

of a colorless liquid. The walls of the cells consist

of cellulose, and are more or less coated with layers

of a substance called intercellular substance, the

principal constituents of which are pectine sub-

stances and tannin. The cellulose and intercellular

substances constitute the pith (also called fibres),

and form on an average about 4 per cent, of the

weight of the beet.

The total quantity of substances held in solution

in beet-juice varies considerably, it amounting gene-

rally to from 12 to 18 per cent. Hence the princi-

pal constituents of beets may be represented by the

following figures :—

•

Dry substance

' Undissolved cellulose,

etc 4.0 to 4.0 Pilh

15.5 to 21 j Constituents held in

I solution . . . 11.5 to 17.0

Water . . . . . . . 84.5 to 79.0 | Juice.

100.0 100.0

According to chemical analysis, beet-juice con-

tains the following substances: Crystallizable sugar,

proteinaceous and nitrogenous bodies, potassium,
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rubidium, sodium, calcium, magnesia, ferric and

manganic oxides in combination with citric acid,

oxalic acid, and other organic acids, as well as with

such mineral acids as sulphuric, phosphoric, hydro-

chloric, and silicic acid; further, asparagin, betaine,

gum, fat, a colorless substance producing on ex-

posure to air a brown coloring matter, and some-

times nitrates, and in colored beets, a coloring mat-

ter. All constituents, besides sugar, albuminous

substances, and salts, are collectively called extrac-

tive substances.

For distilling purposes the determination of the

density of the juice by Balling's saccharometer is

generally sufficient, as from this a conclusion can

be drawn in regard to the percentage of water, the

total amount of substances held in solution, and the

quantity of sugar. In special cases a more accurate

determination of the percentage of sugar is neces-

sary, which can only be effected by means of the

polariscope. The most suitable method is as fol-

lows :

—

Fill a small flask, graduated for 100 and 110 cubic

centimeters, with the juice to be tested, to the 100

mark, and add vinegar of lead to the 110 mark,

shake, and after allowing the mixture to stand for

some time, filter, and observe in the polariscope.

Add y
1
-^ to the degrees read off and multiply with

0.26, which, will give the weight of sugar in grammes

contained in 100 cubic centimeters of juice, or in

kilogrammes contained in a hectoliter of juice.*
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This determination suffices for most cases ; it

can also be directly used for the examination of

every kind of beet-mash containing the sugar in its

original form, and permits of an easy calculation of

vield.

4. Grapes. — In some countries, especially in

France, the vine is extensively cultivated for the

manufacture of cognac or spirit. The choice of

vines is determined by the use for which the grapes

are intended, the soil and the climate. For the

production of alcohol it is of importance that the

formation of sugar should be brought to its highest

perfection, and as this can only be effected by pro-

longing the time of growth, the grapes are gathered

as late as possible.

The sugar of the grape is a mixture of crystalliz-

able grape sugar and uncrystallizable levulose in the

proportion of about 75 : 25.

For the purpose of fermentation and distillation

this mixture must be considered as equivalent to

grape sugar. As the other substances contained in

grape-juice exert no perceptible influence upon the

density of the juice, the saccharometer can be used

for testing it, Balling's giving the quantity directly

in per cents.

The composition of the ash of grapes being of

great importance for the culture of the vine, and

for the utilization of the residue, we give in the

following, the result of the analysis of the ash of

four. samples of juice:

—

6
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10,000 parts of juice contain :

—

I. II. III. IV.

Potassium 1 i.lo aa. la OO QQav.ov 1 ft 1 0jo. iy

Sodium 0.09 0.14 0.49 0.77

Lime 1.34 1.14 1.39 1.48

Magnesia 0.86 1.61 1.63 1.15

Ferric oxide . 0.19 0.15 0.03 0.12

Manganous oxide

.

0.21 0.25 0.04 0.09

Phosphoric acid . 3.98 5;64 5.75 4.94

Sulphuric acid 1.34 1.89 1.49 1.42

Chlorine 0.19 0.35 0.20 0.20

Silicic acid . 0.52 0.71 0.49 0.60

25.90 34.00 40.90 29.00

Potassium and phosphoric acid constitute there-

fore 80 to 85 per cent; of the ash.

1 liter (2.11 pints) of grape-juice contains on an

average :

—

860 to 830 grammes (30.33 to 29.27 oz.) of water.

150 to 300 " ( 5.29 to 10.58 "
)

" sugar.

30 to 20 " ( 1.05 to 0.705 "
)

" extrac-

tive or foreign substances, salts, acids, etc.

For the sake of completeness we give in the fol-

lowing a comparison of the percentage of consti-

tuents of several kinds of grape-juice:—

•
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Su£rar

I. II. III. IV.
±£>. (oVJ 1 n Kofi 13.52 15.14

Free acids 1 09,0 U. (L U.50
Albuminous substances . 0.832 0.622

"

Soluble pectic substances,

gum, coloring matter, - 4.07 3.46
and fats 0 498 0.220

Ash . 0.360 0.377 .

Soluble substances . 16.940 12.629 18.30 19.10
Seeds . .

| 2.592
Skin and cellular tissue .

1.770

Pectose . 0.941 0.750
Ash .... 0.117 0.077

Insoluble substances 3.533 2.520 5.66 6.52

Water .... 79.977 84.870 76.04 74.38

100 100 100 100

5. Vakious Sacchariferous Eaw Materials—Fruits and Berries.—Sweet fruits and berries

yield an alcoholic distillate distinguished by its

pleasant taste and aroma, but their utilization for

the production of alcohol can only be advantageous
where the conditions are such as to permit the

use of materials poor in sugar, and a long time
for fermentation.

We are indebted to Presenius for an analysis of

the most important varieties of fruits and berries,

according to which :

—

Plums, contain 2.1 per cent, of sugar.

Green gages, " 3.1 " "

Easpberries, " 4.0 " "

Huckleberries, " 5.8 u u
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Currants, contain 6.1 per cent, of sugar.

Damsons, " 6,2

Gooseberries, a
7.1

Pears, " 7.4

Apples, " 8.4

Sour cherries, u 8.8

Sweet cherries, " 10.8 "

Grapes, " 15.0

U

a

u

u

a

The percentage of sugar given is the average, as

the sweetness of the same variety of fruit varies

exceedingly according to circumstances.

Apples and pears are largely used for the produc-

tion of brandy in Wiirtemberg and in Normandy.

Cherries yield the so-called cherry brandy, which

is especially produced in the Black Mountains of

Germany, in Switzerland, etc., the small black wild

cherry, which excels in sweetness, being preferably

used. The cherries are allowed to become very ripe

and the stems are separated. In good years and dry

gathering weather the juice of the cherries shows

frequently 18 per cent, of sugar by the saccharo-

meter.

Damsons and plums yield a brandy of a pleasant

flavor, which is especially produced in Bohemia.

Huckleberries, raspberries, blackberries, and elder-

berries are used for the production of brandy in the

Black Mountains.

Sorghum.—The stalks of Sorghum saccharatum,

Holcus saccharatus, have been frequently proposed
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as a material for the production of alcohol. The
contradictory statements about the variety of sugar
contained in them are best explained by the fact

that, when unripe, they contain only levulose, later

on levulose and crystallizable sugar, and, when en-

tirely ripe, only crystallizable sugar. The per-

centage of sugar varies from 6 to 15 per cent.

Moist heat seems to be necessary for the com-
plete development of the sorghum plant. It is

easily cultivated, and grows almost upon any soil.

The seed is put in the ground as soon as all danger
from frost is over. The stalk of completely grown
sorghum is from 3 to 4 meters (9.84 to 13.12 feet)

high. The crop is gathered when the seed is com-
pletely ripe, the observation of this being absolutely

necessary, as the plant, when allowed to stand after

the ripening of the seed, suffers injury from the

attacks of the larvae of an insect. Stalks piled up
for any length of time lose a portion of their sugar

;

hence the crop should be quickly gathered and used
at once.

Green corn stalks contain also sugar, and have
been proposed for the production of alcohol.

The above-mentioned substances are by no means
all the materials which can be used for the produc-
tion of alcohol; but the advantageous employment
of other substances than those mentioned depends
so much on peculiar circumstances, and is so limited

as to make a description unnecessary.

In conclusion, we would mention that the property
6*
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of cellulose of being converted into sugar by the

action of concentrated sulphuric acid, and subse-

quent boiling of the mass with water has been

utilized for the production of alcohol from wood

(sawdust). Since the conversion in question re-

quires a large quantity of sulphuric acid, this mode

of obtaining alcohol must, in order to make it

profitable, be combined with the manufacture of a

product allowing of the utilization of the acid fluid

before fermentation.

II. Amylaceous Raw Materials.

1. Starch and other Constituents of Grain.

a. Starch (0 fl
H

10
O

5
).—This important and widely-

diffused body is found in large quantity in the seeds

of the different varieties of grain, in leguminous

plants, in chestnuts, potatoes, in the trunks of a

number of pines, etc., in most roots, in a great

many kinds of bark, even in fruits, for example,

in apples. It is always deposited in plant cells, in

the form of microscopic grains.

Technically it is prepared from wheat and pota-

toes by washing They are ground, and the starch

grains washed out from the cellular substance in a

fine wire sieve. The starch settles from the milky

water as a white solid sediment, which is repeatedly

stirred up with water, washed out, and finally dried

in the air.

Starch is a soft, white powder, glistening in sun-
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light, consisting of small, shining, transparent

grains, recognizable under the microscope. The

grains are formed of layers, arranged upon each

other, surrounded by a more delicate and compact

envelope, which is, perhaps, cellulose. The grains

are of various sizes and forms, sometimes spherical,

sometimes spheroidal, according to the plant from

which they take their origin. The average diame-

ter of the grains is, of

—

mm. inch.

Potato starch . . 0.185 0.0072

Sago starch . . . 0.070 0.0027

Wheat starch . . 0.050 0.0019

Starch from Ghenopodium

Quinoa . . . 0.002 0.00079

Air-dried wheat starch contains, according to

Balling, about twelve per cent, of moisture, and

air-dried potato starch about 18 per cent. The

moisture can be entirely expelled by continuous

drying at 100° to 125° 0. (212° to 257° P.).

Starch is tasteless, inodorous, and insoluble in

cold water, alcohol, and ether, and is not acted

upon by dilute acids and alkalies at an ordinary

temperature. Treated with more concentrated acid

(for instance, a mixture of 4 parts of sulphuric acid

and 1 of water), it yields a transparent, intumesced

mass. By the action of acids upon potato starch

a peculiar odor is developed, which serves as an

indication of the presence of this variety of starch.
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When starch is heated with water to above 60°

C. (140° P.) the envelopes of the granules are

burst, and the starch forms a gelatinous trans-

lucent mass called u starch paste" that prepared

from potato starch being more transparent than

that from wheat starch.

A solution of starch heated with a concentrated

infusion of malt* to 75° C. (167° P.), is first

changed into an isomeric modification, called

soluble starch, which is soluble in hot and cold

water, and can be precipitated from its solution by
alcohol. Iodine colors the solution blue, and

baryta water gives a heavy precipitate. On con-

tinuing the heating of the solution, the soluble

starch disappears, and the solution contains dex-

trine and grape sugar.

The conversion of starch can be readily followed

with iodine solution. Immediately after soluble

starch has been formed, iodine solution produces a

blue coloring, but, on the heating being continued,

it colors the liquid more and more reddish, and

finally produces no coloring whatever. This is

the moment when the soluble starch is completely

converted into dextrine and grape sugar, both of

which are not colored by iodine. The reddish,

coloring produced by iodine during the transform-

ing process indicates clearly the formation of

* The Malt infusion is prepared by converting barley malt

into a coarse powder, adding some cold water, and, after

allowing it to stand a few minutes, filtering off the infusion.
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another transitory product prior to that of dex-

trine of sugar from the soluble starch.

As malt contains starch, dextrine and sugar

must also be formed when comminuted malt is

treated with water at the mentioned temperature.

This treatment of malt, or of malt and other

amylaceous substances, with water at a temper-

ature at which dextrine and sugar are formed (60°

to 75° 0., 140° to 167° F.), is called mashing or the

mashing process, and the saccharine mass itself, the

mash.

The conversion of starch into dextrine and

sugar during the mashing process is effected by a

constituent of malt known as diastase, readily

soluble in water. Being only formed by germina-

tion, it is not present in unmalted grain. Hence

unmalted grain contains only starch, which can be

converted into sugar and dextrine, while malted

grain contains starch and diastase, the sugar

yielding and sugar forming substance. Diastase

acts most vigorously between 60° and 75° G. (140°

and 167° F.), and the more diastase (malt, malt

extract) is present, the quicker the starch is

converted. By heating to the boiling point, the

diastase loses its efficacy.

Diastase is of a yellowish color, tasteless and

friable, and, when roasted, diffuses an odor of

toasted bread. It is very easily soluble in water,

but insoluble in alcohol and ether.

b. Gluten ; Diastase.—Next to starch, gluten con-
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stitutes the greater part of the flour body of the

seed of grain, and is contained, like starch, in the

cells. It occurs in the form of organized granules,

similar to those of starch, but smaller. When
wheaten flour is made into a paste with water, and

this is tied up in a cloth and washed with water as

long as starch passes through, the gluten is left

behind as an adhesive, elastic substance. It is

very sparingly soluble in water, but readily so in

acids not too much diluted. This latter point is of

importance. Dilute alkalies exert also a dissolving

influence.

Only gluten separated from wheat has thus far

been thoroughly examined. That of rye, barley,

and oats contains the same constituents, but in

different proportions of weight. The gluten of

rye flour is less elastic, more smeary, and, perhaps,

richer in vegetable glue, while that obtained from

barley flour is a grayish, not very adhesive mass,

yielding, when treated with hot spirit of wine,

much vegetable glue and caseine.

Gluten is of great interest for the fermenting

process on account of the diastase being formed

from it on germinating the grain during the

malting process. From what part of the gluten

the diastase is formed we do not know.

c. Diastase.—Pure diastase is never used in

practice, but the malt itself, the starch contained in

it being, in this case, also utilized.

Barley malt possessing the greatest power of
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converting starch into dextrine and sugar, is

preferred to the malt of wheat, rye, or oats, whose
action, according to Balling, is less powerful.

One part of diastase is, according to Payen and

Persoz, sufficient to convert 2000 parts of starch

into dextrine and sugar.

d. Albumen.-—On pouring cold water over

ground grain or malt, the albumen dissolves with

the other soluble substances, and is therefore

contained in the filtrate. On separating starch and

gluten from wheat flour, the albumen is found in

the liquid standing over the starch. The most

remarkable characteristic of albumen for our

purposes is that it coagulates, or becomes insoluble,

and separates in flakes when its solution is heated

to about 85° C. (185° F.).

Albuminous fluids are not precipitated by small

quantities of acids, the coagulation of the albumen

on heating being even prevented by them.

Large quantities of acid, with the exception of

acetic and phosphoric acid, form insoluble combi-

nations with the albumen, which separate in flakes

resembling coagulated albumen.

2. Grain.—The principal varieties of grain used

for distilling purposes are rye and corn. Wheat,

although used to some extent, is generally more
expensive than rye, and its produce in spirit is

not proportionate to its cost.

To judge of the value of a variety of grain for

distilling purposes, a complete analysis is not
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necessary, it being sufficient to know the quantity

of extractive substances it is capable of yielding

in mashing. The mixture of soluble substances

obtained by the mashing process is called extract

or wort, and consists of grape sugar and dextrine,

some vegetable glue and the soluble constituents

of the grain, and of those dissolved by the acid of

the extract.

We are indebted to Balling for the following

figures. The yield of extract (free from water) is

from

—

Wheat
Eye
Barley

Oats

Corn

Per cent.

68 to 72

63 to 67

58 to 62

40 to 44

68 to 72

Balling gives, therefore, as an average for-

Wheat
Eye
Barley

Oats

Corn

Per cent, of
extract.

. 70

. 65

. 60

. 42

. 70

The quantitative chemical constitution of one

and the same variety of grain varies very much
;

the climate, temperature of the 3
rear, the soil, and

manure exerting an influence upon the quantity of
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the constituents, and especially upon the propor-

tion of starch and gluten in the flour body.

From 50 analyses Grouven gives the following

as the average composition of wheat:

—

Per cent.

Starch and gum .... 63.3

Proteine substances . . . 13.5

Fat ...... l.o

Salts . . . . .1.7
Cellulose ..... 2.9

Water 14.1

Indian corn differs from wheat chiefly in contain-

ing considerably more fat (5 to 7 per cent.), and a

smaller percentage of proteine substances. Frese-

nius found

—

Per cent.

Starch ...... 65.9

Gum ...... 2.3

Proteine substances . . . 10.0

li at . . . . . .0.1
Cellulose . . . . .1.6

« o o o » « 1.6

Water 13.5

As regards barley the statements as to the per-

centage of cellulose, and hence of starch, vary very

much. The average may be given as follows :

—

Per cent.

Starch and gum . 60

Proteine substances . . . 10 to 12

7
'
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Anderson found 7 to 11 per cent, of proteine

substances, up to 70 per cent, of starch and gum,

and only 8 to 10 per cent, of cellulose. Stein found

10.5 to 14.5 per cent, of moisture, about 55 per

cent, of starch and gum, 3 per cent, of fat, 10.5

per cent, of proteine substances, 17 per cent, of

cellulose, and 2 per cent, of ash.

Oats contain the largest quantity of hulls of all

varieties of grain, the proportion of seed and hulls

being as 70 : 30. The amount of starch and gum

is from 40 to 44 per cent.

The quantitative chemical constitution of rye. is

similar to that of wheat, the average amount of

starch being about 65 per cent.

All varieties of grain can be employed for the

fabrication of liquors, the choice of the material

depending chiefly on the aroma and flavor the

resulting product is to have. For the production

of alcohol the price of the material need only be

taken into consideration. In many parts of Europe,

for instance, alcohol can be produced cheaper from

potatoes than from grain.

Wheat and spelt yield an excellent whiskey.

In regions where the cultivation of rye is largely

in excess of that of wheat, the former is generally

used as a material for distillation. Although the

resulting whiskey has a somewhat harsher aroma

and flavor than wheat whiskey, it is much liked.

Compared with the yield of alcohol, the price of

oats and barley is generally too high to allow of



RAW MATERIALS. 75

their being used as raw material Malted barley is

generally employed as the sugar-forming material

in working other varieties of grain. Oats, which
yield a pure whiskey of a very agreeable flavor,

are sometimes used as an addition on account of

the beards rendering the mash loose and easier to

work. Barley is also sometimes used for the same
purpose where wheat or rye malt is used as the

sugar-forming substance; the general use of barlej/

malt being chiefly due to the loosening effect it has

upon the mash. It is further claimed -that an addi-

tion of oats effects a more complete fermentation

and imparts to the whiskey the property of pearl-

ing or foaming, which is considered a desirable

quality. •

Maize or Indian corn is extensively used for dis-

tilling purposes in the United States, Hungary,
and Italy. As regards its chemical constituents it

differs not from other varieties of grain. The
heaviest corn is the best for distilling purposes.

The average amount of moisture is 12 per cent,

and that of starch 70 per cent. For other consti-

tuents see p. 78.

Eice, where the price will allow of its use, is a

valuable material for the production of alcohol.

Its qualitative composition does not vary essentially

from that of grain, but the quantity of starch is

greater. The composition of rice is as follows :—
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Per cent.

"Water 5.0

Starch . . . . . 83.0

Gluten

.

6.0

Woody fibre . . 4.8
•

Sugar
[

Dextrine )

a O •

Oily matter o o i

Mineral matters

100.0

In mashing rice, Balling obtained 74 per cent, of

mash extract, while Otto obtained 82 to 85 per

cent, from rice flour ; the residue of grains was 9

per cent.

3. Potatoes.—In many parts of Europe, potatoes,

the tubers of SAanum, tuberosum, form an import-

ant material in the manufacture of alcohol.

The average composition of potatoes is as fol-

lows :

—

Newly dug Potatoes dried

potatoes. at 10(P C.

(212° P.).

Water. . To. 1

Albumen . 2.3 9.6

Fatty matter . 0.2 0.8

Cellulose . 0.4 1.7

Salts . o . 1.0 4.1

Starch . . 21.0 83.8

100.0 100.0
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They contain 28 per cent, dry substance, or 23 per

.cent, insoluble substance, and 77 per cent, of sap.

Potatoes raised in heavy soils in wet years are

generally very watery; potatoes grown in light soil

moderately manured are richest in starch. The
riper the potatoes the less their percentage of

water, and with equal ripeness, large potatoes are

richer in water than small ones.

Fresenius and Schulze have proposed a conveni-

ent method to determine the percentage of starch

and dry substance in potatoes. It is based upon
the fact that a body floating in a fluid, i. e., not

remaining upon the surface nor sinking to the

bottom, has the same specific gravity as the fluid

itself. The specific gravity of a fluid in which a

potato swims is therefore also the specific gravity

of the potato.

Prepare a concentrated solution of common salt

by pouring over a quantity of salt three times its

weight of water, and filter the solution until it is

entirely clear. Throw the potato to be tested, into a

large beaker glass filled with water. The potato

will sink invariably to the bottom because its spe-

cific gravity is greater than that of water. Now
add gradually, with constant stirring, of the solu-

tion, of common salt until the potato remains

suspended in any part of the fluid. Ascertain the

specific gravity of the fluid as indicated on the

scale of an accurate saccharometer^ and the specific

7*
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gravity of the potato will be found in the following

table :

—

kJtl V CIJ Oil UI1J C t V> 1 ,

Degrees.
Specific gravity. Sa c cli arome t er.

Degrees.
Specific gravity.

14.5 1.056 22.5 1.094
15 1.061 23 1 0Q7
15.5 1.063 23.5 1.099
16 1.065 24 1.101
16.5 1.068 24.5 1.103
17 1.070 25 1.106
17.5 1.072 25 5 1.108
18 1.074 26 1.110
18,5 1.077 26.5 1.113
19 1.079 27 1.115
19,5 1.081 27.5 1.118
20 1.083 28 1.120
20.5 1.085 28.5 1.122
21 1.088 29 1.125
21.5 1.090 29 5 1.127
22 1.092 30

|

1.129

Suppose the saceharometer shows 24 degrees in

the fluid, the specific gravity of the fluid, and hence

of the potato, is 1.101. In case the saceharometer

indicates 24.25°, the specific gravity would be be-

tween the figures 1.101 and 1.108, and, therefore,

1.102.

In making the experiment care should be had to

remove the air-bubbles adhering to the depressions

of the potato, which is best effected with a feather.

By moistening the potato before placing it in the

water, the formation of air-bubbles can be generally

avoided. Care must also be had that in determining

the specific gravity the fluid retains the same tem-

perature it had during the suspension of the potato.

In the following table, calculated by Balling,
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will be found the percentage of starch and dry sub-

stance in potatoes corresponding to the different

specific gravities.

Specific
gravity.

Percentage of
Specific
gravity.

Percentage of

Starch

.

Dry sub-
stances.

Starch. Dry sub-
stances.

1.060 9 54 16 06 1.096 17 75JL 9 , 4 KJ 25 42
1.061 9 76 17 18 1.097 17 99 25 66/VU . \J\J

1.062 9.98 17 41X 1 • Jt X 1.098 18 23 25 91
1.063 10.20 17 64 1.099 18 46 26 15
1.064 10.42 17 87 1.100 18 70 26 40
1.065 10.65 18 10 1.101 18 98 26 64
1.066 10 87 18 33JL \J . ZJ 1.102 19 17X • JL I 26 88
1.067 11 09 18 56 1.103 19 41 27 18
1.068 11 32 18 79 1.104 27 87
1.069 11 54 19 02 1.105 19 80 27 fi2

1.070 11 77x x • # 4 19 26 1.106 20 18 27 8fi

1.071 11 99 19 49 1.107 20 37 28 1

1

1.072 12 22 19 72 1.108 20 61 28 86
1.073 12 45 19 95 1.109 20 85 28 61

1.074 12 67 20 18 1.110 21 09 28 86
1.075 12.90 20 42 1.111 21 33 29 10
1.076 13.12 20.65 1.112 21.57 29.35
1.077 13.35 20.89 1.113 21.81 29.60
1.078 13.58 21.13 1.114 22.05 29.85
1.079 13.81 21.36 1 115 22.30 . 30.10
1.080 14.04 21.60 1.116 22.54 30.35
1.081 14.27 21.83 1.117 22.78 30.60
1.082 14.50 22.07 1.118 23.08 30.85
1.083 14.73 22.31 1.119 23.27 31.10
1.084 14.96 22.54 1.120 23.52 31.36
1.085 15.19 22.78 1.121 23.76 31.61
1.086 15.42 23.02 1.122 24.01 31.86
1.087 15.65 23.26 1.123 24.25 32,11
1.088 15.88 23.50 1.124 24.50 32.36
1.089 16 11 23.74 1.125 24.75 82.62
1.090 16.35 23.98 1.126 24.99 32.87
1.091 16.58 24.22 1.127 25.24 33.13
1.092 16.81 24.46 1.128 25.49 33.38
1.093 17.05 24.70 1.129 25.74 33.64
1.094 17.28 24 94 1.130 25.99 33.90
1.095 17.52 25.18 1.131 26.24 34.16
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4. Different Eaw Materials.— Waste of starch

factories. In the manufacture of starch on a large

scale by the ordinary process, a waste product of

fibre containing starch is obtained, which, when

well drained, amounts to from 70 to 72 per cent, of

the potatoes and contains from 10 to 12 per cent, of

dry starch substance. Where this fibre cannot be

profitably utilized as cattle fodder, it can be used

for the production .of alcohol. By allowing the

waste material to drain for 24 to 48 hours and then

sprinkling with 2 to 3 per cent, of sulphuric acid

diluted with twice its volume of water, and stamp-

ing solidly in pits, it can be kept for a considerable

time.

Beans, peas, lentils, etc., though amylaceous sub-

stances, are not a paying material for the production

of alcohol. The amount of starch varies between

30 and 40 percent.; therefore considerably less than

that of wheat and rye, while the amount of proteine

substances (as much as 25 per cent.) is considerably

larger.

Horse-chestnut (JEsculus hippocastanum).—Though

horse-chestnuts contain a considerable quantity of

starch, they cannot be obtained in sufficient quanti-

ties to make them available for the production of

alcohol on a large scale, and a bitter substance they

contain renders the residue useless for cattle fodder.

As horse-chestnuts soon mould when kept in - a

fresh state, they must be dried, ground and then

mashed. Care must be had to remove the brown
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"hull and skin beneath it on account of their per-

centage of tannin which would injure or even
entirely destroy the sugar-forming effect of the

diastase
;
these precautions being also * necessary

in using acorns, which contain starch and sugar-

yielding substances. The flour of horse-chestnuts

is most advantageously used as an addition in mash-
ing other materials. If saccharization is to be

effected by sulphuric acid, the process is the same
as for other amylaceous substances.

Jerusalem Artichoke (Ilelianthus tuberosus).—The
tubers of this plant do not contain ordinary starch,

but chiefly uncrystallizable sugar and an amylace-

ous secretion known as inulin, which is even more
readily converted into sugar by diastase and acids

than ordinary starch.

There are two varieties of Helianthus tuberosus

distinguished by the different colors of the tubers.

Payen gives the following composition :—

Grape sugar . . . . 14.70

Inulin 1.86

Vegetable albumen . . . 3.12

Cellulose ..... 1.50

Pectine substances . . . 1.12

Ash ..... 1.29

Water . . . . . 76.04

The soluble non-nitrogenous substances are con-

verted into sugar by simple boiling. There has
been a great variation in yield in consequence of
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the varying composition. Generally speaking it

may be assumed that the tubers of Heliantlms tuber-

osus yield one-half more dry substance and sugar

than beets, and leave behind about 50 per cent, of

fodder,

Woody Fibre.-—Woody fibre can, as is well known,

be converted into grape sugar by boiling with con-

centrated sulphuric acid. Attempts to utilize this

property by treating sawdust and other waste with

acid, and fermenting the resulting sacchariferous

solution, have not been sufficiently encouraging to

make the process of any permanent technical value.

This seems to be partly due to the great quantity

of sulphuric acid required and the difficulty of

removing it from the mass, and partly to the neces-

sarily long duration of the action of the acid.

Lichens.—Large quantities of these plants occur

in northern countries, especially in Sweden. Their

cellulose possesses, according to Stenberg, the pecu-

liarity of being quickly and completely converted

into grape sugar by boiling with sulphuric or hydro-

chloric acid. Based upon these experiments several

lichen distilleries have been established in Sweden,

Norway, and Finland.

Several varieties of mosses, especially Iceland

moss, reindeer moss, etc., are- used. The composi-

tion of the latter is given as follows, by assuming

that its cellulose is a substance differing from the

ordinary cellulose and approaching starch. The
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term amylo-cellulose has therefore been applied

to it.

Water . . . . . . 9.5

Proteine substance ... 2.6

Fat . . . . . . . 1.4

Ordinary cellulose . . . 13.4

Starch and amylo-cellulose . . 72.1

-A-Sh o e „ • . o 1.0

100

By treating the material with dilute acid, 68 to 73

per cent, of its weight of grape sugar is obtained.

The lichens (principally reindeer moss) are care-

fully gathered, and after drying, either pressed or

ground to powder and stored for use.

5. Auxiliary Substances.—The most impor-

tant of all other substances besides the actual raw
materials used in distilleries is water. It will be

readily acknowledged that on account of its chemi-

cal nature, water must exert a certain influence upon
the success of the distilling operation, and hence it

cannot be a matter of indifference what kind of

water is used.

Generally speaking, water as pure as possible is

the most suitable for distilling purposes. Lime
salts, which render water hard, are especially inju-

rious on account of increasing the labor of preparing

the mash, and water containing large quantities of

them should be entirely rejected and the preference

given to river water if available.
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It is claimed that a percentage of gypsum in the

water has an injurious effect upon the process of

fermentation, though there is no certain proof of it.

Water containing organic admixtures readily

passing into a state of putrefaction or fermentation

must be rejected as being injurious to a healthy and

regular fermentation.

The temperature of the water requires also due

consideration. Cold water is required for cooling

artificial yeast and the water required for mashing
must not exceed a certain temperature. For this

reason the supply from running water will not suf-

fice for distilleries carried on all the year round,

and cold well water, or where that cannot be

obtained in sufficient quantities, or cold enough,

a well-filled ice house will be required.

Soft water only should be used for dissolving the

sugar and diluting the spirit used in the manu-
facture of liqueurs, cordials, etc. Hard water must
be rejected on account of the alcoholic fluid sepa-

rating gypsum from it, which renders the resulting

liqueur opalizing and turbid and difficult to clarify.

The water should be colorless and free from all

odor, and where the water is not entirely clear it is

advisable to filter it before use.

We insert two tables showing; the conditions of

the pressure and temperature of steam, which will

be found of use in the new mash process.
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I.

Temperature. Tension of the steam

Degrees. Degrees. in atmospheres. in pounds to the
C. F. square inch.

100 212 1.000 14.10

105 221 1.193 16.82

110 230 1.415 19.95

115 239 1.670 23.55
120 248 1.962 27.67
125 257 2.295 32.35
130 266 2.671 37.66
135 275 3.097 43.64
140 284 3.576 50.42
145 293 4.113 57.99
150 302 4.712 66.44
155 311 5.380 75.85
160 320 6.121 86.30

8
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II.

Pressure of the steam Temperature.
Tension of

in kilogr. to

the square
atmospheres. in pounds to

th e >n uare
Degrees.

Vj.

Degrees.
1

.

inch. centimeter.

1 00 14.1

~

—

1.033 100.0 212
1 25J. * rJ *J 17.5 1.292 106.3 223.3
1 50 21.1 1.549 111.7 233.1
1 75 24.6 1.808 116.4 241.5
2 00 28.2 2.066 120.6 249.1
2 25 33.7 2.324 124.4 256
2.50 35.2 2.582 127.8 262
a. to 38.7 2.841 131.0 267.8
3.00 42.3 3.099 133.9 273
3.25 47.8 3.357 136.7 278.1

3.50 49.3 3.615 139.2 282,6
3.75 52.7 3.873 141.7 287.1

4.00 56.4 4.132 144.0 291.2
4.25 59.9 4.300 146.2 295.2
4.50 • 63.4 4.648 148.3 299
4.75 66.9 4.907 150.3 302.5
5.00 70.5 5.165 152.2 306
5.25 74.0 5.423 154.1 309.4
5.50 77.5 5.681 155.8 312.4

5.75 81.0 5.939 . 157.6 315.7

6.00 84.6 6.198 159.2 318.6

Some acids arid salts, such as sulphuric acid,

hydrochloric acid, carbolic acid, soda, and lime, are

occasionally used in distilleries. These substances

being the usual ones found in commerce, nothing

need be said in regard to them except that their

use should be as limited as possible with the excep-

tion of lime, and perhaps carbolic acid for cleansing

purposes. In maize distilleries sulphuric acid and

solution of sulphurous acid are sometimes used to

which we will refer later on.
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IV.

FORMATION OF ALCOHOL.

Alcohol is formed by the fermentation of

saccharine liquids, or of mashes.

Saccharine raw materials can be immediately

brought into fermentation, but with amylaceous

substances the starch must first be converted into

sugar, after which the conversion into alcohol is

effected in the same manner as with saccharine

materials.

The conversion of starch into sugar is effected

by means of the diastase which forms an essential

constituent of malt. Besides the conversion of

starch into sugar, malt is of great importance to

the distiller, as it constitutes the material for the

preparation for yeast mash, which is much used as

a substitute for the actual yeast.

Preparation of Malt.—The object of malting is

to produce diastase by the germination of the grain.

Barley is preferred for malting on account of its

forming sugar in larger quantities than any other

kind of grain. The germination of the seed takes

place in three well-marked periods. In the first,

the seed is enveloped in an outer organ which

becomes exhausted and withered. In the second,

the growth of the germ is shown by the swelling

at the end by which it is attached to the stalk
;

and in the third period, the little plumule or
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acrospire, which would form the stem of the new
plant, is put forth. The germinating seed is simi-

lar to an egg, with its white, yolk, and embryo

;

the shell corresponds with the outer or hard coat-

ing of the seed, while the embryo of the egg has

its analogue in the germ of the grain. A remark-

able change takes place during germination; the

glutinous constituent has passed from the body of

the grain to the radicula or rootlet, which has

grown to nearly the length of the grain, while

about one-half of the starch has been converted

into sugar. Malt intended for distilling purposes,

or in other words, for its saccharifying capacity,

should be grown a little more than malt designed

for brewing purposes. In order to develop the

diastatic properties, or the capacity for saccharifi-

cation in malt, to its maximum degree, the rootlets

should be allowed to attain a length of 1J times

that of grain, while in malt calculated for the

brewing of a pure malt beer, the rootlets have

generally attained a length of only times that

of the grain.

For wheat, rye, barley, and oats, the most per-

fect germination takes place at a temperature of

about 25° C. (77° F.), while the largest amount of

diastatic properties is developed at a temperature

of about from 15° to 20° C. (59° to' 68° F.), and at

this temperature the germination of such grains

should be allowed to go on if they are to be used

for distilling purposes. Corn and rice demand a
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higher temperature, and corn must be steeped at

least forty to fifty hours in water of 20° C. (68° P.)

in order to be ready for the floors. The tempera-

ture of the low heaps should not exceed 30° to 35 Q

C. (86° to 95° F.), and the corn should be allowed to

grow until the acrospire has obtained four or five

times the length of the grain. However, if the corn

malt is to be mashed by itself, it is sufficient to let

the acrospire attain three -fourths times the length

of the grain ; but even then a considerable amount
of the starchy constituents must have been wasted,

and it is difficult to see whence an increased yield

should come.

The softening or steeping of the grain is accom-

plished in large cisterns of wood, sandstone, or

cement, half filled with water. The grain is poured

into the water, and after an hour or so sinks to the

bottom of the tank, only the inferior and diseased

seed remaining on the surface to be removed with

wooden shovels. The steep- water withdraws from

the grain extractive substances and becomes yellow,

and, by the decomposition of the extracted sub-

stances, would soon turn sour and acquire a bad

odor, if not removed and replaced by fresh water.

How often this latter operation has to be repeated

depends entirely upon circumstances, it being more

frequently necessary in the commencement of the

steeping process than later on. The duration of

the softening varies according to the age of the grain,

the temperature of the water, etc. A young fresh

8*
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grain requires 48 to 72 hours, while an older grain,

containing more gluten, is not thoroughly softened

under 6 or 7 days. Grains of equal age and con-

stitution must be steeped together to obtain an

equally softened product. The sufficiency of soak-

ing is ascertained, 1. By pressing the grain between

the finger and thumb-nail, when, if sufficiently

moistened, the germ or embryo will be projected.

2. The husk is easily destroyed by pressure be-

tween the lingers. 3. When crushed with a piece

of board, the grain yields a floury mass. The grain

when softened has a peculiar odor resembling that

of apples. The quantity of water absorbed by

barley amounts to 40 to 50 per cent, of its weight,

while the grain correspondingly increases in vol-

ume 18 to 24 per cent. During this absorption the

grain loses 1.04 to 2 per cent, of its own weight in

solid matter. 100 lbs. of grain require about 5

cubic feet steeping room.

After sufficient soaking the grain is allowed to

drain for 8 to 10 hours, then taken out and thrown

into heaps upon the floor of the malt-house. The
chief art of the malster consists in stopping the

germination at that point when the plumules and

roots commence to draw upon the constituents of

the grain. At first the barley is piled up in heaps

from 12 to 16 inches high, and left in that position

for 24 hours, when the surface will be so entirely

freed from moisture that it does not feel clamp.

By degrees it becomes warm, its temperature being
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5.5° C. (10° P.) above that of the atmosphere and

it gives out an agreeably fruity smell. If at this

time the hand is thrust into the heap it becomes
bedewed with moisture. At this sweating stage

the germination commences; the fibrils of the

radicles shoot forth from the tip of every grain,

and a white swelling appears which soon separates

into three or more rapidly increasing radicles.

About a day after this appearance, the plumula

peeps forth from the same point, and would proceed

under the husk until it appeared at the other end

of the seed as a green leaflet; but this never

happens in malting, as the operation is finished

before it takes place. About 96 hours after the

barley has been taken out of the steep the heat is

greatest, consequently the radicles increase in

length with great rapidity, and their growth must

be checked by artificial means. This is effected by
spreading the barley out thinner upon the floor

and turning it several times a day, the interior

being always brought to the surface by the shovels

of the workmen. The depth of the heaps is

slightly lessened at each turning, till it is at last

not more than 3 to 4 inches.

To a limited extent the barley absorbs oxygen,

and emits carbonic acid, just as animals do in

breathing. The grain loses from 1J to 3 percent,

of its weight upon the malt floor, a portion of this

being due to waste particles. As the acrospire

creeps along the surface of the seed the constituents



92 DISTILLATION AND RECTIFICATION OF ALCOHOL.

undergo a remarkable change. The gluten and

mucilage, in a great degree disappear, the color

becomes whiter, and the substance so friable that

it crumbles into meal between the finders. This

is the great object in malting, and is accomplished

when the acrospire has reached the end of the seed.

At this period the growth must be completely

stopped. The duration of the germination may be

between fourteen and twenty days, but the shorter

the period between these limits the better, as there

will be a quicker return of capital, and a superior

malt produced.

Felted Malt.—Experience has shown that felted

malt has advantages over the ordinary malt for dis-

tilling purposes, especially when it is to be used in

a moist or green state, and its preparation requires

less labor. But as only few distilleries have malt-

houses adapted for its preparation, its use is by no

means as general as it should be.

The temperature for felted malt must be at least

15° C. (o9° F.), and one or two degrees more

would, with the moist air of the malthouse, be still

better.

When the barley has been taken from the steep

it is piled in a heap 30 centimeters (11.81 inches)

deep, and turned over with the shovel every 6 to

8 hours until the exterior of the grain appears

entirely drv. When this is accomplished the barley

is allowed to rest until the fibrils of the radicle

commence to show at the tip of the grain
;
the barley
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is then spread out in a heap 10 centimeters (3.93

inches) deep.- This heap is allowed to rest until

the radicles have grown into each other; this is

called felting the malt. Should the upper layer of

the heap become too dry, before the lower layer is

thoroughly felted, it is advisable to sprinkle some

lukewarm water over it before turning the heap.

The turning of the heap is effected with a flat,

sharp, wooden shovel. The malt is spaded into

large square sections, each section being turned

separately. The grains of malt, falling off in spading

are either brought into a heap by themselves, or

used for filling up the intermediate spaces caused

by turning the heap. How often the malt has to

be turned depends on the degree of felting; the

proper period of turning has arrived when the

lower layer has felted stronger than the upper.

Felted malt, whether it is to be used in a green

state or converted into air-dried or kiln-dried malt,

must be previously torn apart, which is best done

by the use of a machine for the purpose. The
machine is very simple and inexpensive. An oaken

roller about 15 to 20 centimeters (5.9 to 7.87 inches)

in diameter, and 40 to 50 centimeters (15.74 to

19.68 inches) long, and furnished with wooden or

iron axles, rests in 'brasses which are fastened to a

strong oaken frame, provided with legs. The roller

is studded with sharp iron spikes about four centi-

meters (1.57 inch) long, and moved by means of a

crank. Over the roller, somewhat inclined to the
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side, is a hopper, which is fastened to the frame in

such a manner that its lower part almost touches

the iron spikes. The top of the hopper may be as

wide as desired, but it must contract towards the

bottom so as to leave only a slit 8 to 10 millimeters

(0.31 to 0.49 inch) wide. The pieces of felted malt

are thrown into the hopper, and, pressing towards

the lower part, are caught, as soon as the roller is

set in motion, by the spikes, and torn asunder.

The malt falls into a box placed under the machine.

We have previously stated that it would be

advantageous to use the malt in a green state. As
this, however, cannot be done in most cases, it

must receive a certain degree of drying, and the

less it is dried the greater is the danger incident to

the presence of the germs of fungi which in the

course of a little time may produce an extended

and dangerous fungus growth. In order to prevent

this, it has been recommended to soak the barley,

right after steeping and just before placing it upon

the floors, for some time in a solution of one part

of salycilic acid in 6000 parts of water. This is

said to effectually destroy all fungus growth which

may adhere to the barley, and to enable the green

malt to be stored for some length of time without

damage. We do not counsel a prolonged storage

of green malt, but rather advise, where it cannot

be used at once, a sufficient degree of drying in

order to insure its keep'.ng qualities.
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When the germinating process is finished the
grain is taken to the drying floor, where it is ex-

posed to the air in layers 3 to 5 centimeters (1.18

to 1.96 inch) deep, and turned over with rakes 6 or

7 times daily. When the malt becomes dry it is

cleared from the rootlets, some of which drop off

by themselves, while others have to be removed by
winnowing. For ordinary distilling purposes this

drying suffices, but if the malt is to be used for

brewing beer, or is to be kept for a long time, it

has to undergo a roasting process. This drying or

roasting is effected in a malt kiln or cylinder heated
by flues to the boiling point of water. The malt
kilns consist essentially of the drying plates upon
which the malt is laid and the heating flues. The
plates were formerly only made of stone or sheet
iron, but in modern kilns wire-woven frames are

used. They are placed one above the other so that

the hot air from the flues beneath may ascend
through the interstices. The flues are generally of

sheet iron for the better conduction of heat to the

surrounding atmosphere. Coke is used as fuel on
account of the absence of smoke, as with coal or

wood in the event of a leakage in the flues con-

siderable damage would be done to the malt.

100 parts of barley give 92 parts of air-dr!ed

malt. The loss of 8 parts may be thus accounted
for.
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Parts.

In the steep water . . . .1.5
During malting ... . . 3.0

During germination . . .3.0
Other losses ..... 0.5

8.0

The moisture in air-clried malt amounts to 12 to

15.2 per cent, which is expelled during the kiln

drying. According to C. John, 100 parts of dried

barley give :

—

I. II.

Malt . . 83.09 85.88

Plumules .• 8.56 3.09

Rootlets . 4.99 4.65

Fermentary products . 8.36 6.38

100.00 100.00

Fermentation.—A small quantity of yeast mixed

with a dilute solution of sugar produces gas

bubbles, setting the liquid in motion and covering

its surface with froth. Carbonic gas is developed,

and the sweet taste of the solution is replaced by

one derived from the alcohol in the solution.

When the development of gas has ceased and the

liquid becomes again clear, it will be found that

the sugar has entirely disappeared, and been re-

placed by an exact proportion of alcohol and a

smaller quantity of other substances. Besides

these, the liquid contains carbonic acid in solution.
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The liquid is now attenuated, and the chemical

activity, which has brought it from the original

state into this, is called alcoholic or vinous fermen-

tation. The alcohol can, on account of its greater

volatility, be separated from the liquid by distil-

lation. The yeast will be found to have exhausted

all its fermenting capability.

If a solution of sugar, which besides sugar con-

tains certain nitrogenous and mineral combinations,

such as malt extract, grain mash, beet juice, etc., is

subjected to fermentation, there will be found,

besides the dead and inactive veast, newly formed

yeast capable of exciting fermentation. The fer-

mentation of such liquids is in fact the source of

yeast.

It has been definitely established that the spores

of yeast are universally diffused through the air,

and that as soon as they meet with a. solution con-

taining the nut riment necessary for 'their develop-

ment, yeast cells are produced and fermentation

sets in. If air be excluded from grape juice or

any saccharine solution, no fermentation takes place.

Fresh grape juice may be kept for years at the

temperature of 20° C. (68° F.) without undergoing

any change, provided it does not come in contact

with the atmosphere, or, if the air has been heated

to redness, it may remain in contact with a saccha-

rine liquor for an indefinite time without producing

fermentation. But, as Pasteur has shown, the

motes floating in the air can be collected in cotton

9
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or asbestos placed in a tube through which air has

been drawn ; and a piece of this cotton or asbestos,

placed in a sugar solution, which has been well

boiled, and cooled again, but which contains the

albuminoidal and mineral constituents of yeast,

develops fermentation. Sugar solutions containing

the same yeast constituents, but without this air

dust, undergo no alterations, neither do those in

which cotton or asbestos alone is introduced. The

same liquid remains unaltered if it has been boiled

in a glass flask, the neck of which is so bent that

dust cannot fall into it.

To determine the chemical composition of yeast,

all foreign bodies mechanically mixed with it must

be first separated. By repeated washing, ammo-

niacal salts, acetic acid, and lactic acid are first

removed, and the solid bodies falling either to the

bottom or floating upon the surface, while the

yeast distributes itself in the liquid. Yeast thus

purified forms, after drying, a white powder with-

out odor, and after removing the aromatic and

fatty substances by washing with alcohol and ether,

is without taste, while the cells appear to have

suffered no alteration.

Yeast purified in this manner as much as possible

from foreign substances still contains from 2.5 to

5.3 per cent, of ash, 100 parts of which are com-

posed of :—

.
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Parts.

Phosphoric acid . . . 53.0 to 59

Potash . 39.5 to 28

Magnesia . . . . 6.0 to 8

Lime . . . . . 1.0 to 4

Dried and purified yeast contains, according to

the experiments of several chemists, the following

constituents :—

-

Mulder. Mits-
cherlieh.

Dumas. Sclilossberger. Wagner.

Carbon
Hydrogen
Nitrogen
Sulphur
Oxygen

50.80
7.16

11.08

|
30,93

47.0
6.6

10.0
0.6

35.8

50.6
7.3

15.0

^
27.1

49.53 47.59

6.61
!

6 47
11.97 9.78

31.89 34.32

49.71

6 80
9 17

34.32

44.59

6.04

9.25

40.12

The cells are composed of:

—

Carbon ...... 44.6

Hydrogen . . . . .6.3
Oxygen ...... 49.1

The contents of the cells form an albuminous

substance composed of :—
Carbon . . . . . . 53.3

Hydrogen ..... 7.0

Nitrogen ..... 16.0

Oxygen ...... 23.7

Yeast in a moist state exposed to the air rapidly

decomposes and produces products similar in nature

to those produced by the proteine bodies.
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After drying at 100° C. (212° F.) yeast is still

capable of exciting fermentation, but by heating

the liquid in which it is suspended, to the boiling

point, it is completely killed. Free mineral acids,

such as hydrochloric acid, sulphuric and nitric

acids, as well as free alkalies, stop fermentation, the

latter only until their neutralization by the free car-

bonic acid. Organic acids injure fermentation only

when very concentrated
;
in a dilute solution they

seem to promote fermentation. Fermentation is

also stopped or retarded by empyreumatic sub-

stances, essential oils, creosote, carbolic acid, prus*

sic acid, concentrated alkaloids, and strong alcohol.

The conditions required for alcoholic fermenta-

tion may be summed up as follows:—

-

1. An aqueous solution of sugar in the proportions

of 1 part of sugar to 4 to 10 parts of water. The

sugar can be employed as grape sugar, dextrose, or

levulose, which is always capable of fermentation;

or an unferm en table sugar, cane sugar or sugar of

milk, may be converted by means of acid or a suit-

able agent into fermentable sugar. However

gradual the process may seem, cane sugar is always

converted into grape sugar before fermentation.

2. The presence of yeast or spawn. In the first

case, 1 part of yeast to 5 parts of sugar is suffi-

cient to effect a strong fermentation. If spawn

only is present, there must also be present sub-

stances upon which the spawn "may feed or de-

velop—protein subtances, phosphoric acid, humus,
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and alkalies. If no ferment exists, the only other

condition under which fermentation is effected is

by exposure to:

—

3. The atmosphere which introduces the before-

mentioned ferment and furnishes life.

4. A known temperature, the limits of which

are 5° and 30° C. (41° and 86° F.). As a rule

vinous fermentation is effected between 9° and 25°

C- (48.2° and 77° F.). The lower the temperature

the longer the time required for the fermentation

to subside, and conversely. At 30° C. (86° F.) and

a higher temperature, the vinous fermentation

easily goes over into butyric acid fermentation.

Products of Fermentation.—If alcohol and car-

bonic acid were the only^p.*^

the process might be represented
:

by the following

equation :

—

C6
IIu06

= 2(O-W*:^---2t!0 J

180 92 88
parts by weight parts by weight parts by weight

of grape sugar of alcohol of carbonic acid

If crystallized sugar had been exposed to the

action of a ferment, the process would be preceded

by an absorption of water, and the equation would

be : C
12
H

12
O n + 20 4(C

2
H

60) +4C0 2
.

According to this, 100 parts of grape sugar

would yield 51.1 parts of alcohol, and 48.9 parts of

carbonic acid, and 100 parts of cane sugar 53.8

parts of alcohol and 51.5 parts of carbonic acid
;

the latter after an absorption of 5.3 parts of water.

9*
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But the process is not as simple as this, succinic

acid and glycerine being also products of alcoholic

fermentation, as has been proved by Pasteur.

Many methods may be used to prove the formation

of succinic acid. One of the simplest is to evapo-

rate the fermented liquid after having filtered it to

separate the yeast, and then to heat the residue

several times with ether which is afterwards

allowed to evaporate spontaneously. In the course

of a dav or two, the sides of the glass are seen to

be covered with crystals of succinic acid, At the

bottom is a syrupy liquid full of the same crystals

;

this consists almost entirely of glycerine saturated

with succinic acid. This process is not admissible

for extracting and estimating succinic acid, but will

serve to prove its presence in all fermented liquors,

whatever may be their nature and origin.

Glycerine may be detected in almost the same

way, but in place of ether, it is better to exhaust

the residue with a mixture of alcohol and ether.

This mixture dissolves the succinic acid and glyce-

rine, and leaves behind the nitrogenized matter.

The ethereal and alcoholic solution is concentrated,

saturated with lime, and then evaporated to dry-

ness. The residue is again treated with the mix-

ture of alcohol and ether, which now only dissolves

the glycerine, and leaves the succinate of lime.

This formation of succinic acid and glycerine

explains the smaller yield of alcohol and carbonic
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acid actually obtained, as compared with that calcu-

lated according to the above equations.

4 to 6 per cent, of the weight of the sugar is

not reduced to the two principal products, but

breaks up, under the absorption of the elements of

water, into other products which pass either into

solution, or are absorbed by the yeast. The pro-

portion of the products varies, the following figures

giving only an approximate value:—

Parts.

Succinic acid ... 0.6 to 0.7

Glycerine . . . . 3.2 to 3.6

Carbonic acid . . . 0.6 to 0.7

Cellulose and other solid

substances (Pasteur) . 1.2 to 1.5

5.6 to 6.5

Th e remainder breaks up into alcohol and car-

bonic acid according to the above formula.

The above-mentioned products are never absent,

but their quantities vary with the amount of yeast

and sugar employed.

From the figures given it is difficult to calculate

the 3'ield, which a given quantity of grape sugar,

cane sugar, or starch, with a complete attenuation

of the first, and perfect conversion of the last into

grape sugar, can produce.

This yield is the theoretical yield. By assuming

an average of 5 per cent, of the above proportion,
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as the portion of sugar withdrawn from fermenta-

tion, there remain of 100 kilogr. (220 lbs.) of grape

sugar, 95 kilogr. (209 lbs.), which, according to the

equation, break up into alcohol and carbonic acid.

They yield, as can be readily calculated, 48.5 kilogr.

(106.7 lbs.) of absolute alcohol, or, as 1 liter (2.113

pint) of pure alcohol weighs, at the normal tem-

perature, 794 grammes (28.02 ozs.), 61.1 liters (16.14

gallons) of pure alcohol of 100 per cent, or 61.10

liter per cent. For all practical calculations it is

therefore sufficiently accurate to take 61 liters per

cent, as the theoretical yield of 1 kilogr. (2.2 lbs.)

of grape sugar.

From this the theoretical yield of other raw

materials may be deduced. 95 parts of cane sugar

yield 100 parts of fermentable sugar; the theoreti-

cal yield from 1 kilogr. (2.2 lbs.) of cane sugar is

therefore 64.3 liter per cent. 9 kilogr. (19.8 lbs.)

of starch, if completely converted into sugar, would

yield 10 kilogr. (22 lbs.) of sugar, the theoretical

yield from 1 kilogr. (2.2 lbs.) of starch would there-

fore be 67.9 liter per cent.

For saccharine substances, the figures are based

upon complete fermentation, and for starchy mate-

rials, upon complete fermentation and conversion

into sugar; by comparison it will be easy to find

the degree of approximation attained by the practi-

cal yield.

The presence of lactic acid, which is frequently

perceived, is according to Pasteur merely acci-
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dental, and due to another ferment which, with the

aid of the microscope, can be readily distinguished

from yeast. If the yeast contains a portion of this

ferment, lactic acid fermentation is induced besides

alcoholic fermentation, and lactic acid, which is

formed at the expense of sugar and consequently

decreases the yield of alcohol, will be found among
the above-mentioned products.

Examination and Preservation of Yeast.—The

best yeast formerly attainable was brewer's yeast

thrown off the beer during its fermentation. It is

a semi-liquid pasty mass which can be used either

in this state, or after compression. In the latter

state it is known as compressed yeast, and forms a

quite solid, homogeneous substance of a grayish-

yellow color and a peculiar aromatic odor. Stored

in a dry and cool place and excluded from the air

as much as possible, it can be kept for a consider-

able time without losing any of its good qualities.

Yeast is also obtained by fermenting grain

mashes in such a manner as to obtain as much
yeast as possible. This process is conducted on a

large scale in special factories, the product being

a yeast which differs from brewer's yeast in not

having an. odor of hops.

Generally speaking, good yeast is recognized by

its odor, which should be slightly acid and recall

to mind that of whiskey or beer
;

it should show

no trace of that of butyric acid, nor resemble that

of sour milk, cheese, or that of any putrid or
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ammoniacal substance. Compressed yeast can only

be examined after preparing a paste with water.

Bat it is always difficult to be sure of the good

quality of yeast except by a fermenting experi-

ment, which is conducted in the following man-

ner:—
Divide carefully, 20 grammes (0.705 oz.) of the

compressed yeast to be tested, in 2 liters (4.22 pints)

of a 9 to 10 per cent, sugar solution, previously

heated to 25° C. (77° F.). The solution is obtained

by dissolving about 200 grammes (7.05 ozs.) of

pure sugar in 2 liters (4.22 pints) of water, adding

2 grammes (30.86 grains) of sulphuric acid, heating

to the boiling point for a few minutes, and allowing

to cool to the required temperature. If the yeast

is good, decomposition commences in 20 minutes

at the utmost, which is indicated by the formation

of a light froth upon the surface and the develop-

ment of gas in the liquid. In a short time the

odor of spirit makes its appearance, and the

development of gas becomes stronger. The longer

the time before the commencement of fermentation

the poorer the yeast.

The active yeast remains divided in the fluid,

while the dead yeast and other foreign substances

settle to the bottom so that an estimate of their

quantity can be readily formed. In making the

experiment special attention must be paid to the

odor in order to distinguish the alcoholic odor
<—

'

peculiar to sound ferment from the sharp and
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pungent one of spoiled yeast. Every variety of

yeast presenting the latter odor should be rejected

even if fermentation is induced in the desired

manner.

For completeness sake we give La Cambre's

direction, which is based upon the same principle.

Take the same proportions of yeast (compressed

or artificial) and wash as to be used in the distillery.

Stir the yeast with some lukewarm water, mix it

with the mash, and expose the mixture, which

should show 10 to 12 per cent, gravity, to fermen-

tation at a temperature of 34° to 36° C. (93.2° to

96.8° F.). If the ferment is of good quality,

fermentation, which is recognized by a white circle

of froth on the edge of the liquid, will make its

appearance in about a quarter of an hour.

Adulterations of yeast by means of solid sub-

stances in order to increase its weight are readily

recognized with the aid of the microscope
;
but an

addition of a certain quantity of starch must not

be considered an adulteration, as it is done the better

to preserve the yeast.

Yeast, by storing in a room having a tempera-

ture not higher than 8° to 10° 0. (16.4° to 50° F.),

can be kept in summer for a week, and in winter

for a month
;

it suffers less change the more com-

pressed it is, which is facilitated by an addition of

flour or starch.

Jeverson and Boldt of Copenhagen have patented

the following method of preserving yeast : The raw
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3^east is first carefully washed with water and the

water removed by pressing and a centrifugal. But

as this treatment does not render the yeast per-

fectly dry, it is placed in an apparatus in which

a vacuum, or at least a very rarefied space can be

produced. In this space the remnant of water is

evaporated at a gentle heat, while the vapor is at

the same time absorbed by hygrometric substances

such as calcium chloride, etc. The yeast is finally

exposed to a current of air, either ordinary or

previously dried, or of carbonic acid according to

the prevailing temperature or other circumstances.

By this treatment, which is somewhat tedious and

rather expensive, the yeast is finally obtained in

the form of a very dry powder, which it is claimed

will keep for several months, when put up in

hermetically sealed boxes. For use the powder is

converted to a thin paste with water of 20° to 30°

C. (68° to 86° F.)

Savalle has patented a method for preserving

yeast which consists in placing the yeast in a

mixture of 85 to 65 parts of water and 15 to 35

parts of alcohol.

The quantitjr of yeast to be used for bringing a

given quantity of mash into fermentation, depends

on the condition of the mash, the purity of the

yeast, and the quickness of time in which fer-

mentation is to be induced. In Germanv an

average of 8 to 10 liters (2.11 to 2.64 gallons) of

ordinary brewer's yeast, or 1 to 2 kilogr. (2.2 to 4.4
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lbs.) of compressed yeast, are calculated for 1000

liters (264.11 gallons) of concentrated mash from

potatoes or grain. For a larger quantity a propor-

tionately smaller amount of yeast is required, thus

for 2000 litres (528.25 gallons) 12- to 15 liters (3.17

to 3.96 gallons) of brewer's yeast, and so on. In

England, distillers now generally use from 1 to 1J
per cent, of fresh yeast, very rarely 2 per cent.

Of this about three-fourths per cent, is added when
the wort is let into the fermenting vat, and the

remainder after the second day.

V.

PREPARATION OF VINOUS MASHES.

Preparation of Vinous Mashes from Saccha-

riferous Eaw Materials.

The manufacture of alcohol from suorar and

sacchariferous substances is in so far simpler than

that from starch and amylaceous materials, that the

process of forming sugar (mashing or boiling with

acid) is omitted; the materials being converted into

a suitable fluid or mass which, after the addition of

a ferment, is allowed thoroughly to ferment.

10
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1. Raw Sugar.

The simplest manner of working raw sugar is

to dissolve it in hot water, and, after diluting the

solution, to bring it into fermentation by means of a

ferment. The process of fermentation being, how-

ever, very slow, it is much accelerated by an

addition of sulphuric acid. To 100 kilogr. (220

lbs.) of sugar dissolved in hot water, add 0.5 to 1

kilogr. (1.1 to 2.2 lbs.) of sulphuric acid, previously

diluted, and bring the mass into fermentation after

diluting as much as necessary with cold water.

The quantity of yeast added depends of course

entirely on the desired duration of the fermenting

process. Belgian distillers use for a fermenting

process of 24 hours' duration, a solution showing

13 to 15 per cent, by the saccharometer (7° to 8° B.),

add 2J to 8 per cent, of the weight of sugar of

compressed yeast, and bring the mass into fermen-

tation at 30° to 31° C. (86° to 87.8° F.). By using

a 16 to 18 per cent, solution, and bringing into

fermentation at 25° to 26° 0. (77° to 78.8° F.),

fermentation will run its course in about 48 hours.

By adding a mash consisting of 2 to 3 per cent, of

crushed rye and barley, the addition of yeast can

be decreased. In England the yield from 101.2

lbs. of sugar is 10 gallons of proof spirit, the yield

varying of course according to the quality of the

sugar. West Indian sugar gives a very fine

product, while that from beet sugar has a disagree-
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able smell, which can only be removed by very

considerable rectification.

2. Glucose and Grape Sugar.

The manufacture of alcohol from glucose and

grape sugar can only be advantageously carried on

under exceptionally occurring conditions. The
process is the same as for raw sugar and molasses

;

a suitably concentrated solution is prepared, and,

after acidulating with sulphuric acid, brought into

fermentation at a suitable temperature.

La Camhre's process, as used in France, is as fol-

lows : Dissolve the grape sugar in hot water, acidu-

late the solution with 3.5 to 5.5 kilogr. (7.7 to 12.1

lbs.) of sulphuric acid, previously diluted, to 1000

kilogr. (2200 lbs.) of grape sugar and reduce the

solution to 7J to 8° B. and a temperature of 25° 0.

(77° F.) by adding water. To bring the mixture

into fermentation add 20 to 30 kilogr. (44 to 66

lbs.) of yeast previously mixed with 300 liters

(79.24 gallons) of a mash consisting of 100 kilogr.

(220 lbs.) of rye malt and barley malt, and cooled

to 35° C. (95° F.). The highest yield obtained by

the above process was from 15 or 16 gallons of alco-

hol from 100 kilogr. (220 lbs.) of grape sugar,

which leads us to the conclusion that the grape

sugar used contained a large percentage of non-

fermentable substances, since grape sugar, with 90

per cent, of dry, pure sugar, should yield at least

one-third more. Should it be necessary to aecele-
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rate the fermentation of the starch-sugar solutions,

acid, besides yeast, lees or feculencies of former dis-

tillations and more yeast, and bring the mass into

fermentation at a higher temperature. The yield

from glucose varies very much according to the

quality of the material. 100 kilogr. (220 lbs.) of

glucose very rich in sugar yielded from 11 to 12

gallons of alcohol, but on an average only 9 to 10

gallons were obtained.

3. West Indian Molasses.

Molasses is the name given to the syrup which

remains after the crystallization of sugar
;

it is, in

fact, the mother liquor of sugar. It is generally

worked in the same manner as raw sugar. The

use of sulphuric acid or lees, while always proper,,

is absolutely necessary with alkaline molasses.

Dissolve the molasses in warm, clarified lees and

dilute, or dissolve the molasses in warm water, add

dilute sulphuric acid until litmus paper is reddened,

and after pouring in a small excess of acid, dilute

with water. By giving the acidulated fluid a con-

centration of 11 to 16 per cent. (8° to 9° B.) and

bringing it into fermentation at about 26° C. (78.8°

F.) with 2 per cent, of the molasses of good yeast,

attenuation to 2.5 to 2 per cent, will be attained in

48 hours. A higher temperature than the above is

required for a more rapid fermentation. The yield

from 100 kilogr. (220 lbs.) of molasses is, according

to La Cambre, as much as 11 gallons of alcohol.
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By using 3 to 5 hectoliters (79.2 to 132 gallons) of

clarified lees and 12 kilogr. (26.4 lbs.) of good yeast

to a vat of 25 hectoliters (660 gallons) capacity,

Merkel obtained in Belgium, 15 gallons of alcohol

from 100 kilogr. (220 lbs.) of molasses.

In the West Indies the best rum is made solely

from molasses. An inferior quality is made from

the debris of the sugar cane
; it has always a sharp,

disagreeable, acid flavor, and frequently acquires

an empyreuma, on which account it is given to the

negroes who work in the sugar-houses, and is con-

sequently called negro -rum.

In the fermented liquor from which the rum is

distilled, acetic acid .exists sometimes in large

quantities, accompanying the ardent spirit without

forming ether
;
but in distillation a certain quantity

of acetic ether is formed, which, from its extreme

volatility, rises in the first process of distillation,

giving to the vapor a most disagreeable taste and

smell ; hence the colonial saying that the ram
becomes too hot if rectified like European spirits.

The cause of this is easily explained : the rectified

spirit only forms a part of the distillate and con-

tains, nevertheless, all the acetic ether.

Skilful distillers, who pride themselves on making
these strong spirits most agreeable to the taste,

take great care to remove all kinds of vege-

table matter or refuse incapable of producing vinous

fermentation, as such substances have a tendency

to putrefy and the putrescent matter retards the

10*
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action, and gives a savor which is communicated

to the distilled spirit.

The process in the West Indies is as follows :—

-

During the boiling of the sugar juice, the scum

is removed from the surface and brought, together

with a part of the juice, into a vat of 300 to 800

gallons capacity and mixed with molasses and

water in the proportion of 25 gallons to 100. After

blending the mixture thoroughly together, it is

allowed to ferment for 3 or 4 days, or longer should

there be a want of yeast or ferment to make it

work, which often occurs at the commencement of

the distilling season. When reduced to a due

degree of acidity, which is ascertained by the sub-

sidence of the fermentation, it is run into a still

proportioned to the fermenting vat, and wrought

off* as low wines, in which state it is put into the

still again. The first run, or discharge, after it is

thus returned to the still is taken off as high-wines,

as they are termed, in the proportion of 25 gallons

to 300, the strength of which, when tried by the

areometer, is from 28° to 32°. The second run

has a strength of 23° to 26°, and is inferior in

quality to the first, but is improved by mixing with

a part of the first run which is of too ardent a

nature to be used by itself.

In the Windward Islands one part of the skim-

mings is mixed with one part of water and one part

of the lees of former distillations. In twenty-four

hours the mixture begins to ferment, when to every
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100 gallons of the fermenting liquor 6 gallons of

molasses are added, the same operation being re-

peated a day or two afterwards. The fermentation

is regulated by the addition of cold or warm water.

The lees or feoulencies remaining in the still, and
which, are called dunder, serve all the purposes of

yeast in the fermentation. The attenuating pro-

perties of this ferment are such that the materials

with which it is mixed yield a much greater pro-

portion of spirit than could be obtained if they were
fermented without it. It is consequently carefully

collected, and, when the distilling season is over, pre-

served in such quantities as will fill almost all of the

fermenting va.ts. It soon becomes covered with so

thick a film as to exclude the air, and the sediment
leaves the intermediate fluid pure and of a bright

amber color, which, when carefully drawn 'off; is

employed as already described in proportions suited

to the nature of the fermentation. Dunder has a

somewhat bitter taste; it is claimed that it increases

considerably the aroma of the rum. Besides this

substance, different other substances, such as tar-

tar, saltpetre, sea-water or common salt, are fre-

quently added during fermentation.

In the beginning of the distilling season more
sugar-juice is employed than is afterwards found
requisite

;
the reason of this is that the dunder, after

being kept for a long period, has lost a part of its

effect, and the scum or froth from the sugar of the

first boiling of the season is not so rich as that in
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the months of March, April, and May, which is the

most favorable time. The following proportions

are usually employed at starting : For every 136

gallons content of the vat, pour in 61 gallons of

skimmings, 7 gallons of molasses, and 68 gallons of

water. When the dunder is good, equal quantities

of skimmings, water, and dunder are used, and for

every 100 gallons of this mixture, 10 of molasses

are added. Should the sugar- mill not be in opera-

tion, and skimmings not be obtainable, it is found

advantageous to employ equal parts of dunder and

water, and to mix with every 136 gallons of the

compound 27 gallons of mol asses. The yield of

rum varies between 10 and 15 per cent, of the

mixture, but depends very much on the qualities

of the raw materials, the weather, and the season

;

hence the manufacturer regulates the composition

of the fluid according to the qualities of the consti-

tuents and external circumstances.

The richness of flavor peculiar to Jamaica rum
has rendered it famous in all parts of the world.

The flavor is undoubtedly derived from the raw

juice and the fragments of the sugar cane, which

are added to the fermenting liquor. The essential

oil of the cane is thus imparted to the fluid and

carried over in the distillation. Bum is much im-

proved by age; many planters age it factitiously by

the addition of pine-apple juice.



PREPARATION OF VINOUS MASHES. 117

4. Beet Sugar Molasses.

Many difficulties were encountered in the first

attempts in employing "beet-sugar molasses in the

manufacture of spirit, as it was almost impossible

to secure a regular course of fermentation with

any degree of certainty. The reason for this was
found in the strongly alkaline nature of the

molasses. Satisfactory results were obtained by
employing acids for the removal of the alkaline

reaction.

The raw spirit obtained from beet sugar molas-

ses possesses a very disagreeable taste and odor.

Experience has shown that conversion into very

high-graded spirit (94 to 96 per cent. Tr.) suffices

to remove the odor and taste so that the derivation

of the spirit can scarcely be recognized.

t
The process of working beet sugar molasses is

essentially the same as for West Indian, molasses.

Dissolve the molasses in hot water, acidulate the

solution with sulphuric acid, and, after diluting,

bring it into fermentation. The water employed
for dissolving the molasses should, of course, be

sufficiently hot to insure the required fermenting

temperature for the diluted solution. The quantity

of sulphuric acid depends on the alkaline condition

of the molasses ; a test with li tm-us paper is the

best guide. Add, with constant stirring, dilute the

acid, until the paper is slightly reddened. On an

average, 1.5 per cent of the molasses of concen-
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trated acid will have to be employed. In using, as

is sometimes the case, clarified lees, less sulphuric

acid is taken. The degree of dilution of the

molasses, the quantity and kind of ferment, the

temperature at which the mass is brought into fer-

mentation, depend chiefly on the revenue laws.

The concentration is generally 14 to 24 per cent,

bv the saccharometer.

The process in the largest molasses distillery in

France is as follows :
—* 3700 kilogr. (8140 lbs.)

of molasses are taken for each fermenting vat of

1700 hectoliters (41,884 gallons) capacity, which

gives to the mash a concentration of about 14 per

cent. To this is added sufficient molasses lees,

which increases the concentration about 5 per cent.

The mass is brought to fermentation with beer

yeast at a temperature of from 20° to 25° 0. (68°

to 77° F.). Fermentation is extremely violent, and

produces in the extraordinarily large quantity of

mash fermenting in one vat, such, an increase of

temperature as to necessitate the cooling of the

fermenting mass by cold water, circulating in large

serpentine pipes placed in the centre of the vat.

The temperature must never rise above 34° C.

(93.2° F.). Should the commencement of fer-

mentation be delayed, the temperature can be

* The product is taxed, but the tax is only collected when

the product passes into consumption ; otherwise it is exempt

from duty.
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raised by the circulation of warm water through

the serpentine pipes.

Fermentation is generally considered complete

in 48 hours. In the distillery mentioned five of

the above enormous vats are handled in two days.

The product of one day is given as 280 hecto-

liters (7392 gallons) of alcohol of 97 per cent.

Supposing the conditions remain the same every

day, this product would correspond to a yield of

13.6 gallons from 100 kilograms (220 lbs.) of

molasses.

By evaporating, etc., the lees, potash is gained as

a by-product.

In a distillery in Wurtemburg* acidulated

unboiled molasses of 19 to 20 per cent, concentra-

tion is brought into fermentation at 24° C. (75.2°

P.) and allowed to attenuate to 7 per cent. Five

per cent, of the weight of molasses of green malt

is used. The yield is 10.5 to 11 gallons from 100

kilogr. (220 lbs.) of molasses.

In a Bohemian distillery f 8 lbs. of green malt,

with an addition of 0.25 lb. of comuressed yeast

and 3 liters (6.33 pints) of beer yeast, are used for

each cwt. of molasses.

* Taxation : Malt tax only, at the rate of 2 florins, 5

kreutzer (about 86 c.) per cwt. of dry malt and 1 fl. 10 krtz.

(about 48 c.) per cwt. of green malt.

f Tax is levied according to the capacity of the fermenting

vats without limit as to their use ; hence it is desirable to com-

plete fermentation as soon as possible.



120 DISTILLATION AND ^RECTIFICATION OF ALCOHOL.

In a Belgian distillery* the following process is

observed :—

Molasses of 40° concentration is brought into

iron fermenting vats, and, after diluting to about

37° B., mashed with about 0.3 liter (0.63 pint) of

sulphuric acid to each 100 kilogr. (220 lbs.) of

molasses. The mass is then diluted to 8° or 9° B.

by adding warm or cold water, as may be required,

so as to insure a temperature of 28° to 30° C.

(82.4 to 86° F.), constant and careful stirring being

absolutely necessary during the diluting process.

The fermenting vats should be about half full. 4

to 5 per cent, of the weight of the molasses of yeast

is then added and thoroughly mixed with the mass.

Fermentation begins in a quarter of an hour, and

becomes so vigorous in 5 hours as to reduce the

concentration of the mash to 5° or 6° B. The

mash is then brought to 10° to 11° B. by the addi-

tion of molasses of 25° B. When by continued

fermentation the concentration of the mash is again

reduced to 5° or 6° B., another addition of molasses

of 25° B. is made, and this operation is repeated

from time to time, until after 7 hours from the time

of first charging the vat, the latter is completely

filled. We would remark that the concentration of

the mash should at no time exceed 10° to 12° B.

* Tax is levied according to the capacity of the fermenting

vats at the rate of 7 francs (about $1.40) per hectoliter (22.0096

imperial gallons), but the vats have to be emptied every 24

hours.
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The temperature daring the entire process is

kept at 28° to 30° C. (82.4° to 86° F.), this being

considered an essential condition for success, and is

effected in most distilleries by the circulation of

- water or steam through serpentine pipes.

A strong formation of froth in the commence-
ment of fermentation is counteracted bv the use of

oil or of fat.

The entire process, including distillation, must
be finished in 24 hours, and depends exclusively on
the quality of the yeast. The mash attenuates to

3 to 3.5° (5.3 to 6 per cent.), which is considered a

good limit.

The yield is about 10.5 gallons from 100 kilogr.

(220 lbs.) of molasses. Considering that no malt is

added, the yield is a large one, which no doubt is

due to the fact that the large quantity of vigorous

yeast acts, in consequence of the gradual, addition

of molasses, always upon a proportionally small

quantity of the material.

In German distilleries compressed beer yeast has

been lately substituted for artificial yeast. In such

case only half the usual quantity of kiln-dried malt

is used, the other half being replaced by one-half

its weight of compressed beer yeast, i. e. in place of

4 parts of kiln-dried malt, 2 parts of kiln-dried

malt and 1 part of compressed yeast are used. On
account of its lower price, the use of beer }^east is

advantageous, but it must be of excellent quality,

11
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as otherwise fermentation will not proceed regu-

larly.

By the results obtained from molasses mashes

worked under the various revenue systems, we

draw the general conclusion that the yield of alco-

hol from the raw material is but little affected by

the mode of taxation, in as far as it requires more

concentrated mash and slow fermentation, or more

diluted mash and quick fermentation. In the first

case a part of the sugar remains unfermented by

reason of the foreign substances present and the

increase in the percentage of alcohol impeding fer-

mentation
;
the same happening in the latter case,

as it is found advantageous to cut short fermenta-

tion instead of allowing it to proceed to the attain-

able limit. In both cases too much fermenting

material is used : in the first because strongly con-

centrated mashes are difficult to bring; into fermen-

tation, and in the latter because the course of fer-

mentation can only be accelerated by such means

in connection with heat.

5. Sugar Beets.

Sugar beets are a very valuable material for the

manufacture of spirit wherever the revenue system

is such as not to impede their proper manner of

treatment. Like potatoes, they give an extraor-

dinarily large yield per acre, and, when used for the

manufacture of spirit, furnish a valuable fodder.

In Belgium and Germany, distilleries are frequently
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to be found attached to the beet-root suo;ar manu-
factories; and the combination of the industries

possesses the advantage that, in a season when the

proportion of sugar in the roots is too poor to

yield much profit to the manufacturer as sugar, he
may ferment the sugar-containing juice and obtain

a fair yield of spirit. Beets, to be available to the

distiller, may contain only 5 to 6 per cent, of sugar,

but for the manufacture of sugar they must con-

tain at least 8 to. 10 per cent. Indeed it is main-

tained bv the advocates of beet-root distilleries,

that the distillation of spirit is a more profitable

business than the manufacture of beet-root sugar.

Although it would appear to be a simple matter

to extract the juice from the previously pulped

root, this is, notwithstanding the large quantity of

juice, viz., 96 per cent, of the weight, a difficult

matter, because the remaining 4 per cent, of sub-

stance has all the properties of a sponge and

tenaciously retains the juice; it is this spongy

nature of the solid constituents of the root which

prevents the conversion of the whole root into a

sufficiently concentrated mash. If it were possible

to set up fermentation in the thick pulp obtained

from the roots, 100 lbs. of it, taking the amount of

sugar at 11 per cent., would yield 3.5 liters (7.39

pints) of alcohol, a quantity sufficiently large to be

remunerative, even with a very low market price

of spirits.

We give in the following a process of extracting
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the juice, which has been introduced in Germany

by Siemens, and with some modification in France

by Champonnois.

The beets are cut in slices by a suitable machine,

and the juice is obtained by macerating the slices,

according to Siemens, with wrater, and, according

to Champonnois, with spent wash from former dis-

tillations.

The possibility of obtaining the juice from the

sliced roots by maceration is based upon the fact

that when the slices are placed in water the juice

does not remain unaltered in the cells, but is

mixed through the cell walls, in consequence of

what is called endosmose and exosmose, with the

water, so that a sugar solution with a medium per-

centage of sugar is formed in the cells, as well as

outside of them. In the same manner as in water,

the slices act also in a sugar solution, whose per-

centage of sugar is less than that of the juice of

the beets; an equalization of the percentage of

sugar takes place.

An example will completely illustrate this. To

make the matter comprehensible we will assume

that 100 lbs. of beets are equal to 100 lbs. of juice,

though actually they contain only, as previously

stated, 96 lbs.

By pouring upon 100 lbs. of sliced beets, whose

juice contains 12 per cent, of sugar, 100 lbs. of

water, and allowing the water to stand for some

time over the slices, it is converted into a sugar



PREPARATION OF VINOUS MASHES. 125

solution containing 6 per cent, of sugar, and the

percentage of sugar in the juice in the slices is also

reduced to 6 per cent., viz: —~ = 6.

By drawing off the 100 lbs. of 6 per cent, sugar

solution, and pouring them upon 100 lbs. of fresh

slices of beets, a 9 per cent, sacchariferous fluid is

obtained after some time, because ^_lhJ^ ~ 9.
2

By drawing off the 9 per cent, fluid, and pouring

it upon 100 lbs. of fresh beet slices, the result will

be a sacchariferous. fluid of 10.5 per cent., because

9 + 12 1A ,
-—-— = 10. o.

/i

By again pouring the 100 lbs. of 10.5 per cent,

fluid over 100 lbs. of fresh slices, 100 lbs. of sugar

solution of 11.25 per cent, are obtained.

This latter percentage of sugar approaches very

nearly that of the beet juice, but could be increased

to 11.6 per cent, by pouring the fluid once more

upon fresh slices. Hence by maceration 11.25 per

cent, of the 12 per cent, of sugar contained in the

beets has been transferred to the maceration-juice;

far more than could be obtained by pressure.

Let us return now. to the beet-slices, whose per-

centage of sugar has been reduced to 6 per cent, by

maceration with pure water. By pouring over

them 100 lbs. of fresh water, the amount of sugar

is of course reduced to 3 per cent. By drawing off

the 3 per cent, sugar solution, and again pouring

11*
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100 lbs. of water over the slices, the amount of

sugar in them is reduced to 1.5 per cent., and by

again drawing off the 1.5 per cent, fluid and pour-

ing over 100 lbs. of water, the slices are exhausted

to 0.7 per cent, of sugar.

It is self-evident that the maceration has to be

carried on systematically. The most concentrated

sugar-juice is poured upon fresh beet slices, the less

concentrated upon slices partly freed from sugar,

and water upon nearly exhausted slices. Juice

sufficiently concentrated is set in fermentation, and

the exhausted slices are either used at once for fod-

der or preserved in pits.

Experience has shown that complete maceration

takes place only at 80° to 85° C. (176° to 185° F.),

so that the slices must be dried at least at this

temperature in order to completely yield their juice

to colder fluids In the cold, maceration is incom-

plete, and at a higher temperature the slices become

too soft, which renders lixiviation more difficult.

We will remark here that with hot maceration the

weight of the slice does not remain unaltered, as

has been assumed above in illustrating the mace-

rating process in order to simplify the example.

The slices shrivel up, and do not keep back as much

juice as in a fresh state
;
hence a larger volume of

sacchariferous fluid is obtained than that of the

water poured upon the slices.

An addition of sulphuric acid to the macerating

fluid is, according to Siemens, of advantage. The
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proportion used is about 1 lb. acid to 1000 lbs. of

beets.

Maceration can be effected by different methods.

The macerating fluid is either poured upon the

beet slices, or the latter, contained in nets, are sub-

merged in the fluid (Siemens' process), or the ma-

cerating fluid is allowed to pass slowly through a

series of vessels containing the beet slices. The last

method is the one formerly used in sugar manufac-

tories.

In considering the first method, let us assume that

45 to 50 cwt. of beets yielding 2300 to 2500 liters

(607.49 to 660.31 gallons) of juice are to be worked
daily.

The macerating vessels used have each a capacity

of 630 liters (166.40 gallons). Besides the actual

bottom they are provided with a perforated false

one of sheet-copper upon which the slices rest.

Each vat is connected with the succeeding one by
a pipe leaving the first vat on one side below the

false bottom, then rising up and entering the suc-

ceeding vat through the side near the top. The
pipe is provided with a cock. To be able to con-

nect the last vat with the first without the use of a

long pipe system, the vats are arranged in a circle

or a square. A pipe with joints over each vat for

the admission of water runs over the entire series.

The fluid in the vats is heated by a steam-pipe

under the false bottom, or, still better, but more
expensive, by a steam serpentine pipe placed below
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the false bottom. The fluid in the vat is drawn off

through a discharge-cock below the actual bottom.

Maceration is of course effected the more com-

pletely, the larger the number of macerating vats

used, but for illustrating the method, we will take-

only four, A, B, 0, 1), the smallest number admis-

sible. The work is proceeded with as follows: Five

cwt. of sliced beets are placed in vat A, and after

pouring 100 to 200 grammes (3.5 to 7.05 ozs.) of

dilute sulphuric acid over them, 200 liters (52.82

gallons) of hot water are admitted from the

reservoir. The slices are kept under the fluid by

placing a perforated disk upon them. The tem-

perature as mentioned before must be 85° C.

(185° F.), at which the slices soon wither and

shrivel.

In about three-quarters of an hour, during

which vat B has been charged with an equal

weight of slices, which have also been sprinkled

with dilute sulphuric acid, the cock of the pipe

connecting A with B is opened and hot water

slowly admitted to A, by which the sugar solution

formed in A is forced into B. As soon as the

required quantity of fluid has been transferred to

i?, the flow of water into A is stopped. The

temperature in B must be raised to 85° C-

(185° F.)

In three-quarters of an hour, during which G
has been charged with beet slices sprinkled with

dilute sulphuric acid, the vat B is connected with
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G and water admitted to A. The sugar solution in

A is forced into B, and that in B into G. When G
is sufficiently filled, the flow of water into A is

stopped, and the contents of G are heated to 85°

C. (185° F.)

In three quarters of an hour, during which the

last vat D has been charged with beet slices, and

dilute sulphuric acid poured upon them, the vat G
is connected with D and the fluid forced from A
into B, from B into G, and from G into X>, by
admitting hot water into A. The temperature in

B is raised to 85° C. (185° F.)

In three-quarters of an hour the cock admitting

water into A, and the discharge cock in the bottom
of J9, are opened at the same time, and closed

again as soon as about 200 liters (52.82 gallons) of

the sacchariferous fluid, which is now sufficiently

concentrated, have been discharged from D. This

fluid is now ready for fermentation after cooling.

The fluid in J., which is now very poor in

sugar, is also drawn off and conducted to the water

reservoir, and the vat, after being emptied of the

exhausted slices, is immediately refilled with the

necessary quantity of fresh material, over which

is poured the above-mentioned quantity of sul-

phuric acid.

B becomes now vat No. 1, and A the last. D is

connected with A, water admitted into B, and the

sacchariferous fluid forced from B into (7, from G
into Z>, and from D into A, which contains the
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fresh slices. The temperature in A. is of course

raised to 85° 0. (185° F.)

Thus the work is continued, 0 becoming vat No.

1, after drawing off the sacchariferous fluid from

A, and so on.

Champonnois uses, instead of water, hot spent

wash from former distillations. The object of this

is partly to save the expense of heating the water,

partly to make the lixiviated slices richer in

nitrogen and consequently more nourishing, and

partly to avoid the removal of the wash, which is

sometimes troublesome. A distillery working

according to Champonnois' system requires scarcely

any water, and no wash is allowed to run off. The

wash drawn off from the still is either immediately

used, while boiling hot, for maceration, or is con-

ducted into a reservoir which is heated by the

waste heat of the chimney of the second still.

The apparatus and progress of maceration are

the same as described with water. An essential

difference between the two methods is, that Cham-

ponnois does not heat the fluid in the macerating

vats, but allows the boiling hot wash to enter the

first vat, and to cool off to the required degree by

passing through the successive vats. According

to all experience, complete maceration is impossible

under these circumstances, and increasing the time

of maceration to one hour, as proposed by Cham-

ponnois, will not rectify the evil.

We turn now to Siemens 5

process, which is based
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upon the method of maceration formerly introduced

into beet sugar manufactories by Dombasle. The
beet slices are submerged in the macerating fluid

instead of the latter flowing over them.

Suppose 1800 kilogr. (3960 lbs.) of beets, which

will yield about 1800 liters (475.42 gallons) of juice,

are to be worked in 14 hours. The sliced roots

must be withered before maceration. This is

effected by means of two flat pans heated by direct

fire, or in two flat, round vats provided with a ser-

pentine steam pipe. The pans or vats should have

a capacity of 300 liters (79.24 gallons) of water and

400 lbs. of beet slices.

The macerating vessels, of which there are six,

have each a capacity of 100 liters (26.41 gallons) of

water and 200 lbs. of wilted beet slices. The vats

are arranged in a circle, in the centre of which

stands a revolving crane for bringing the nets with

the slices from one vessel into the other. The nets

are made of thin cord, and are fastened above to a

copper ring by which they are held open the entire

width of the vessel, so that the slices can be conve-

niently stirred about.

In the commencement of the work 300 liters

(79.24 gallons) of water are placed in the vessel

used for wilting the slices. When the water is

heated to about 90° C. (194° P.), 6.5 ozs. of sulphu-

ric acid, previously diluted, are added. A net is

now introduced and charged as quickly as possible

with 400 lbs. of sliced beets. By diligent pressing
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clown of the slices, which at first project above the

fluid, the temperature is lowered to 85° 0. (185°

F.) at which it is kept during the rest of the opera-

tion. The slices soon shrivel up and are entirely

covered by the fluid. They are sufficiently wilted

when thev have lost their elasticity, it being

necessary to observe this point carefully, since slices

wilted either too much or too little cannot be com-

pletely exhausted by maceration.

The wilted slices, in portions of 200 lbs., are then

placed in nets and brought into the macerating

vessels, each of which contains 100 liters (26.41

gallons) of water. All portions are successively

submerged in the separate vessels. As the first

slices are placed in water and less sacchariferous

fluid, and consequently lose sugar quicker than the

succeeding slices, six vessels suffice to completely

exhaust even the last portions. In order to effect

a quick and complete maceration, the slices must

be diligently stirred, and in bringing the nets, by
means of the crane, from one vessel into the other,

the liquid must be allowed to drain off uniformly,

so that an equal quantity of fluid is retained in all

vessels, and as little of the more concentrated fluid

as possible is carried over into the succeeding,

more diluted fluid.

After adding 6.5 ozs. of sulphuric acid to the

fluid in the wilting vessel, 400 lbs. of fresh slices

are immediately placed in it. The temperature is

raised to 85° C. (185° F.) etc. etc. After wilting



PREPARATION OF VINOUS MASHES. 133

four portions of slices the fluid is sufficiently sac-

chariferous to be drawn off, but, before this is done,

it must be heated to the boiling point, and should

it not be sufficiently clear, entire clarification is

effected by a further addition of sulphuric acid.

After cooling, the fluid is brought into the ferment-

ing vat. The concentration of the fluid is increased

by cooling with a fan, and contact with air has

also a favorable influence upon the course of fer-

mentation.

After removal of the sacchariferous fluid the

wilting vessel is refilled with the sacchariferous

fluid from the macerating vessels, and fresh slices

wilted in it, two operations making it sufficiently

concentrated to be drawn off'. The liquid is then

clarified by heating to the boiling point, etc.

The clarified sacchariferous fluid is cooled to 25°

to 23° C. (77° to 73.4° F.) and then brought into

the. fermenting vats. The first portion is brought

into fermentation by the addition of an equal vol-

ume of fermenting fluid of the preceding day, which

Siemens found the most suitable ferment. Some
yeast is added from time to time. The second por-

tion of sacchariferous fluid is brought into the vat

from which the fermenting fluid for the first portion

has been taken. The succeeding instalments of

sacchariferous fluid are added to the first portion,

which in the meanwhile has commenced to ferment.

The fermenting vat being thus gradually filled,

fermentation goes on steadily and is complete after

12
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twice 24 hours on the third clay. The external

phenomena are those of a vigorous fermentation
;

no tenacious scum is formed, and over-fermentation

need not be feared.

La Cambre combines the two macerating pro-

cesses just described, and recommends an apparatus

which, he says, can be made by any carpenter. It

consists of a trough with four sides, 4 to 6 meters

(13.12 to 19.68 feet) long, 0.6 to 0.8 meter (1.97 to

2.62 feet) wide, and 0.7 to 0.8 meter (2.29 to 2.62

feet) deep. It is divided lengthwise into six to eight

divisions, which are connected by small partitions

in such a manner that the fluid placed in the first

division is forced to run through the other divisions

from above to below.* The slices are immersed in

suitable square wicker baskets, which are very

cheap, or, better, in baskets of sheet-copper or sheet-

brass, or copper or brass wire.

To illustrate the process of maceration as briefly

as possible, we will assume the macerating trough

to have only four divisions, numbered 1, 2, 3, 4.

All divisions are filled half full with boiling

water.

A basket, ^4, is first immersed in division 4.

In ten minutes it is brought into division 3,

* The fluid passes from the first division through a small

opening near the bottom of the dividing wall into the partition

of the second division, rises up and pours over the edge into

the second division, and from this in the same manner into the

third, and so on.
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while a basket, B, with fresh slices is brought into

division 4.

In ten minutes the basket A is brought into 2,

B into 3, and a third basket, (7, with fresh slices,

into 4, while boiling water is admitted into 1, which

gradually circulates in the different divisions.

In ten minutes more A is brought into 1, B into

2, G into 3, and a basket with fresh slices into 4,

while a certain quantity of boiling water is always

admitted into 1.

The water, as will be seen, meets in its course

slices always increasing in richness, and finally runs

out below from division 4, while the slices in their

course pass constantly into a fluid poorer in sugar.

Complete exhaustion of the slices is accomplished

with 8 or 9 divisions, and with thorough regulation

of the admission of water and the discharge of juice,

and heating the fluid in some divisions from time

to time with direct steam.

The resulting juice has nearly the concentration

of that in the beet, and it is not necessary to use

more water than an equal of the weight of the beets.

To prevent an injurious alteration of the juice, La

Cambre adds some tan extract to the macerating

water, though sulphuric acid will answer the same

purpose. The resulting juice, which is very clear

and pure, is cooled and brought into fermentation.

It is claimed that by this hot method of maceration

the slices lose 40 to 50 per cent, of weight; the re-

sidue is an excellent fodder.
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We will yet mention Weil's method, patented a

few years since in France and Belgium, and recently

introduced into some parts of Germany.

The beets are cut in slices by a cutting machine,

and the slices, as thev come from the machine, areit/ /

brought into a vat of water containing sulphuric

acid, and heated to the boiling point by steam di-

rectly introduced. 8 to 12 liters (2.11 to 3.17 gal-

lons) of water, and 1 to 1 J lbs. of concentrated acid

are used for every 100 lbs. of beets. When the vat

is charged with the required quantity of slices, it

is tightly closed, and the boiling continued, with

occasional stirring with a wooden paddle or a stir-

ring apparatus.

In two to three hours the contents of the vat

have been converted into a clear mash. The hot

liquid is then neutralized with 1 lb. of whiting for

every lb. of sulphuric acid used, which leaves it

the required degree of acid reaction. The fluid is

then separated by means of a centrifugal machine,

pressing or filtering from the gypsum which has

been formed, and the pulp. The residue is once

more mixed with water, and again treated with a

centrifugal machine, or pressed or filtered.

The resulting fluid is cooled to 30° or 25° C.

(86° or 77° F.), and brought into fermentation by

an addition of beer yeast or compressed yeast.

The progress of fermentation is very regular, and is

complete in 24 to 36 hours. A yield of 5 J liters

(1.45 gallons) of spirit of 84 per cent, is claimed
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from 100 lbs. of beets. The by-product of fodder

is lost.

The object of this treatment of the beet is to

prevent the absorption of a large quantity of the

juice by a partial liquefaction of the pulp. The
supposition that by the action of sulphuric acid

upon the cellulose, sugar is formed is by no means
justified. Besides the use of pressure, centrifugal

force or filtration for obtaining juice is a great dis-

advantage, so that this method can scarcely be re-

commended.

Besides the above-described methods of obtaining

the juice there are several others, but as none of

them have been generally introduced it will be

readily understood that a satisfactory process of

working beets is still wanting.

6. Grapes.

The distillation of spirits from wine is chiefly

carried on in France, Spain, Portugal, and in the

United States in California. The yearly produc-

tion of brandy in France alone amounts to over

450,000 hectoliters (11,880,000 gallons) of 85 per

cent., and over 400,000 hectoliters (10,560,000 gal-

lons) of 60 per cent. The qualit}^ of the spirit is

indirectly affected by the degree of ripeness of the

grapes, and directly by the care bestowed upon the

fermentation and distillation, the more or less inti-

mate mixture of the volatile principles of the wine

with the alcohol, and the age of the wine. Old
12*
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wine yields a spirit of better quality than new

wine. The spirit from white wines is of a much
finer quality than that from red wines, the reason

being that they contain more of the essential oil of

the grapes. It is also a singular fact that those

wines which carry with them a certain taste of the

soil communicate it to the brandy derived from

them by distillation
;
thus the wines of Selluel, in

Dauphine, give a brandy which has the flavor and

taste of Florentine iris ; those of St. Pierre, in Yiva-

rais, give a spirit which smells of the violet, and so

of manv other varieties.

The better qualities of brandy are invariably

distilled from white wines : first, because a greater

yield of brandy, and of a better quality is obtained

;

and secondly, because those wines fine more quickly

and can be distilled into brandy sooner than the

red wines.

The principal Cognac district of France begins at

Angouleme, about 300 miles south of Paris, and

comprises from fifty to sixty square miles. The

soil is principally clayey and flinty rock, supported

by a bed of chalk or limestone, and occasionally of

marl.

In the Deux-Charentes there are three kinds of

vineyards called u vignes pleines" u vignes en allees"

and u vignes a loenfsP In each the vines are planted

in rows, which in the first are 5 feet apart. The
vignes en allies consist of long, narrow strips of

land planted with vines in rows, every fourth or

fifth row or so having a slip of ground sown with
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grain or vegetables in between. In these vineyards,

the vines, as a rule, are planted rather wide apart.

The vignes d boenfs are so termed from the rows

being wide enough apart to admit of oxen and a

plow passing between. The vines, as a rule, are

left without support. The producers are mostly

small farmers who cultivate their own vineyards,

with little if any help.

The distillation of brandy is carried on either by
the proprietors of the vineyards themselves, or by
dealers who buy the wines to be distilled, and manu-

facture what is known as trois-six brandy. In order

to explain this term we will state that brandy, as

sold in France, is generally of two degrees of

gravity, these strengths being designated as d

preuve de Holland and d preuve aVhuile, the former

varying from 18° to 20° B. The stronger liquids

are valued according to the quantity of eau de vie,

or brandy d preuve de Holland that a given quantity

will furnish on the addition of the proper propor-

tion of water. These strengths are usually twelve,

namely, five-six, four-five, three-four, two-three, three-

five, four-seven, five-nine, six-eleven, three-six, three-

seven, three-eight, and three-nine, but the last is

rarely made. The meaning of these strengths is

understood in the following sense : If a spirit be

trois-six (three-six) three measures of the spirit will

give a liquor d preuve de Holland when added to

six measures of water, and so of the remainder.

The work of manufacturing brandy does not
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require the same care as that of wines intended for

beverages, though care must be exercised to pro-

duce as much alcohol of a pure taste as possible.

The grapes are picked, for the most part, by women
who use a hook-shaped knife to sever the stems.

Each carries with her a small wooden box with

sloping sides, into which the fruit is thrown.

When these boxes become full they are emptied

into baskets which are carried to the cart at the

edge of the vinevard. The carts have long bodies,

very high wheels, and a huge tub, fixed between

four upright stakes. Within the tub is a lad, who
treads upon the grapes to reduce their bulk, and

in a measure press out their juice. The cart, when
loaded, is drawn to the neighboring press-house.

The grapes are next emptied, through an opening

in the wall, upon a sloping stone floor, where they

are crushed by an ordinary grape mill, which, how-

ever, forces out only a portion of their juice. For-

merly the juice was trodden out by the feet of the

laborers. It runs down the sloping floor into a

covered trough at the lower end, by which it is led

into a tank, whence it is emptied into casks, and

then left to ferment.

A centrifugal machine has recently been em-

ployed by Eeihlen for obtaining the juice from the

grapes. The work is carried on very quickly, and

a very pure juice is obtained, but the grapes must

be very ripe.

As already said, the mill does not press all the
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juice from the grapes, and so the " must" is shovelled

through an opening in the wall into a large

shallow trough, at the foot of the press. Then it

is heaped up in the centre of the trough, into

what is called the motte, a form like a millstone,

and subjected to powerful pressure. The sides of

the motte are now trimmed, the screw loosened, and

the trimmings piled on the top, when the pressure

is again applied. This process is repeated until

the must has been subjected to four pressures.

Each pressure lasts about two hours, except the

last, which, being generally put on in the evening,

continues all night. ISText day the must is spread

out in the trough, watered from a watering trough,

and raked about in the water for an hour. The

water being drawn off, the must is again put under

pressure, and the juice obtained is mixed with the

water, and the whole put into a cask to ferment.

The must or juice obtained from the milling and

four previous pressures, is put in casks, vats, or

cisterns, to ferment, and it is from this that the

best quality of brandy is obtained.

The fermentation of the juice takes place at 12°

to 18° C. (53.6° to 64.4° F.) and is solely produced

by the deposit of ferment upon the surface of the

berries which mixes with the juice. An addition

of warm water accelerates commencement of fer-

mentation, especially in a cool gathering season.

Fermentation lasts frequently two to three months.

Contact with air, especially of the solid parts of
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the must, which on rising offer a large surface to

the air, should be carefully avoided, as it is injuri-

ous to fermentation.

The fermented fluid, which is now called " wine,"

is at once subjected to distillation. Should the

juice show a small percentage of sugar, glucose or

molasses can be advantageously added immediately

after the juice has been pressed out, and allowed to

ferment with the must.

An inferior variety of brandy or eau de vie de

marcs is obtained by distilling the lees deposited

by wines when kept, the marcs or refuse of the

grapes from the vine-press, the scrapings of wine

casks, etc.

The marcs from the vine-press are prepared for

distillation by breaking the cakes into pieces, and

throwing them into water. A temperature of 21°

to 26° 0. (69.8° to 78.8° P.). is kept up, and in the

course of a short time fermentation sets in ; when

this has ceased, the solution is drawn off and

distilled.

The fermentation of the cakes is sometimes

effected in large pits, where they are covered with

earth. The progress of fermentation is known by

thrusting the hand into the heap. When the tem-

perature decreases, the fermentation is said to be

finished. The contents are then taken out, water

in proper quantity added, and distilled. By this

process 100 lbs. of mares are said to yield 1 lb. of

brandy.
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Ethyl pelargonate (C
2
H

5
0

9
II

17
O

2),
the ether of

pelargonic acid, is a liquid possessing a most

powerful and intoxicating odor. The aroma of

wine is in a great measure clue to the formation of

this ether during fermentation. When wines or

marcs containing this ether are distilled, an oily

liquid passes over towards the close of the opera-

tion, and consists in a great measure of crude

ethyl pelargonate, and imparts the aromatic odor

which cognac and other liquors possess. It is very

advantageous to acid some sulphuric acid, in the

proportion of \ lb. of acid and 1 to 11 bucketfuls

of water to 100 lbs. of the ethyl pelargonate. The

product, which is clarified by rectification, and

known as cognac oil. is much in demand for the

manufacture of artificial cognac, and brings a high

price.

Xh England artificial cognac is prepared in the

following manner: Dilute the pure alcohol to the

proof pitch, acid to every 100 lbs. weight of it from

half a pound to a pound of argol (crude winestone)

dissolved in water, some bruised French plums,

and a quart of good cognac. Distil this mixture

over a gentle fire, in an alembic provided with an

agitator. The addition of cognac and argol intro-

duces ethyl pelargonate, and if a little acetic ether

be added to the distillate, the liquor acquires the

peculiar taste of genuine cognac; color with burnt

sugar, if necessary, and. add a little tannic acid to

impart astringency.
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VI.

FABRICATION OF ALCOHOL FROM AMYLACEOUS
RAW MATERIALS.

I. Preparation of Vinous Mash from Grain.

The varieties of grain most frequently used are

rye or wheat, or a mixture of both, with barley

malt, and maize in countries where it yields an

abundant crop. A mixture of rye or wheat malt

with barley malt is occasionally used. Un malted

barley or oats are only employed under exceptional

circumstances.

The proportion of malt to grain varies very

much. Formerly one part of malt to two or three

parts of unmalted grain was generally used, but

experience has proved that the quantity can be

reduced at least one-sixth to one-seventh.

In most distilleries kiln-dried malt is still pre-

ferred, but since it is proved that green malt has at

least as energetic an effect in producing sugar as

the same weight of dry malt, we would strongly

urge the employment of green malt as being more

economical. We would remind our readers that

100 lbs. of malt just taken from the kiln represent

125 lbs. of barley, and 100 lbs. of dry malt stored

for some time 115 lbs. of barley, while 100 lbs. of

green malt represent 67 lbs. of barley.
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The preparation of the vinous mash includes the

following operations:-—

L Grinding or bruising.

2. Mashing.

8. Cleansing the utensils.

4. Cooling the mash.

5. Fermenting the mash.

1. Grinding or Bruising.

The grain before grinding should be cleansed as

much as possible, because the admixture of impuri-

ties not only decreases the quantity of useful raw

material, but introduces into the mash foreign

substances (for instance ferments), which exert an

injurious effect upon the fermentation, and the

purity of the product. When it is to be ground

into meal, the grain is taken into a room imme-

diately over the mill-chamber and discharged

through the trap doors into cloth sleeves, which

conduct it to the hoppers leading into the mill-

room. The grain must be broken up, the smaller

the harder it is, for instance maize and some varie-

ties of wheat. The malt is passed through a crush-

ing mill consisting of two rollers placed nearly in

contact, which gives a loose, woolly product consist-

ing of a mixture of the crushed flour body and the

torn hulls.

The ground grain and crushed malt, especially

the latter, should be used as soon as possible
;
they

13
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can be kept for a short time only by storing them

in a perfectly dry room in low piles,

2. Mashing.

The purpose of mashing is to convert as com-

pletely as possible the starch of the grain and malt

into sugar by the diastase of the malt.

a. Preparation of thick mash.-—The method of

mashing differs in the various distilleries. Gene-

rally speaking, a preparatory doughing-in precedes

the actual mashing process. In doughing-in the

grist is thoroughly soaked with water, and then

brought to the required mashing temperature by

the addition of boiling water, or by the introduction

of steam.

The mash vat is made of wood, or cast-iron

plates firmly bolted together. If mashing is to be

effected by manual labor, the vat should have an

oval shape and not be too large, so that the work-

men can conveniently reach to the centre. Vats

provided with mashing apparatus may be either cir-

cular or oval. It is advisable to place the mash

vat upon a wooden support in a place protected

from draught so as to retain the heat of the mash

as much as possible.

Fig. 3 shows a mashing machine well adapted

for small distilleries.

The vertical shaft, a, in the centre of the vat rests

in the pillow-block, 5, and is secured above in the

cross-piece, c.
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The lower part of the shaft is provided with the

casting, <i, to which are fastened the two wooden

arms, e e/ in a position as seen in Fig. 4.

Fig. 3.

By this position of the arms the acciimulat on of

the heavy mparts of the mash in the centre of the

vat is avoided.

Fig. 4.

The vertical shaft is set in motion by the bevel

gear,/, and the horizontal shaft, </, which is provided
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either with a crank for turning the machine by

hand, or, as shown in the illustration, with a fast

and loose pulley. The pillow-blocks, h k, are con-

nected with the cross-piece, c, to which are also fast-

ened the rods, Z, which, by breaking the rotating

motion of the machine, effects a better mixture of

the materials.

An excellent but rather expensive mashing ma-

chine is shown in Fig. 5. It is intended for large

distilleries.

This machine differs from the ordinary ones in

that the gearing which sets it in motion is placed

under the machine, and is therefore less in the way

in emptying and cleansing the vat.

The principal difference, however, is that it is

provided with two shafts, the arms of which re-

ceive not only a progressive but also a revolving

motion.

The following will explain the arrangement:

—

The mechanism is set in motion by the shaft, a b,

which is connected with the engine, and transfers

its motion to the vertical principal shaft, c c, and

the large cog-wheel, c?, by a bevel gear.

The cogs of the large wheel, cZ, catch directly

into the cogs of the small wheel, e, of the shaft, g y,

setting it in motion.

Between the large cog wheel, cZ, and the cog wheel,

/, of the second shaft, h h, is, however, the small cog-

wheel, which transfers the motion from d to /.

The effect of this arrangement is that the two
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shafts revolve in opposite directions, i. e., the wheel,

/, with its shaft in the direction of the large wheel,

<i, and the wheel, e, which stands in direct connection

with the large wheel, revolves with its shaft in a

direction opposite to that of the large wheel.

Fig. 5.

The described mechanism effects, however, only

a rotation of the two shafts around their own axes.

To effect at the same time a slow revolution of

13*
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these shafts around the principal shaft, c c, the coni-

cal cog wheel, h, is placed on the shaft, g g )
and, by

catching into the small cog wheel, Z, turns the pro-

pelling screw shaft, m. The endless screw of this

shaft runs in a cog wheel with rounded-off cogs,

which sits upon the stationary cast-iron cylinder,

o o, surrounding the principal shaft, c

By the rotation, the screw is forced to run in the

immovable cog-wheel, n n, in a circle around the

principal shaft, and, as the entire screw shaft is

of course forced to take part in the movement, it

pushes before it the cast-iron cylinder, o o, which by

means of the arms, q q, rr, fastened to it, imparts the

motion to the shafts, g g and h h.

This double motion of the shafts causes a very

intimate mixture of grist and water.

The mechanism of the principal gearing under

the mash vat is such that the shafts can be reversed,

while the construction of the wheels allows, at the

same time, of a slower or quicker movement accord-

ing as to whether the mash arms, s, revolve back-

ward or forward.

The cause of this varying rotation is readily

understood by taking into consideration that the

moving power can be transferred from the shaft, a 6,

to the vertical shaft, c, of the stirring apparatus,

* In the illustration of the gearing the propelling screw-

shaft with the wheels belonging to it is so drawn as to show

it plainly. It sits of course below the wheels, d e, as seen in

the cross section.
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either by the wheel, t
)
alone, or by the wheels, t\ t".

tf
/f

, t
4 and u. The wheels, t, t', and u, are loose upon

their shafts and take part in the movement of the

latter only when the pins, wf

,
wft

, w'n are inserted

by the arm of the lever, v, Fig. 6, by means of the

arms, w w, "upon the cross rod, v r vn\

Fig 6,

Hi

It will, however, be seen from the illustration

that the pins, w f and w"^ are thrown out of gear as

soon as the pin, wn\ takes hold, and vice versa.
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Hence the revolution of the vertical shaft, c, is

effected in one or the other direction bv the wheel,

t
)

or the wheel, u. While one wheel is held

fast upon the shaft by the pin and the large wrheel,

x
r
of the vertical shaft, the other wheel becomes

loose.

The wheels t', t", t
nf and t* form a connected sys-

tem, their principal purpose being apparently to

transfer the motion from the shaft, a to the shaft,

y z. But on closer observation it will be found that

the wheel, t', is smaller than t", which causes a

decrease in the transferred velocity, and further,

that the wheel, t
ff
\ is smaller than i* by which the

velocity is changed for the second time in the same

manner, so that when the wheel, u
)
is put into ac-

tivity the slow movement, mentioned above, takes

place, while the movement is accelerated as soon as

the wheel, t, is put into action.

Besides the parts of the mashing machine

described in the foregoing, there is an arrangement

by which the movement of the two shafts can be

accelerated or checked.

We will now consider the methods of mashing

most in use.

Where mashing-in (doughing) precedes the actual

mashing, soft, pure water is brought into the mash

tun and then the grist is gradually added and mixed

with the water until a mass entirely free from

lumps is formed. After some time a sufficient

quantity of boiling, or nearly boiling, water is



FABRICATION OF ALCOHOL. 153

added, with constant and thorough stirring, to bring

the mass to the sugar-forming or mashing tempera-

ture (64° to 66° C, 147.2° to 150.8° F.). The mash
is then allowed to rest as long as is considered

necessary for the formation of sugar.

Experienced distillers recognize the temperature

at which the most complete formation of sugar

takes place (which varies according to the nature

of the grain), by the changes which the mass under-

goes. It assumes a dark -brownish color and loses

the white mealy appearance by reason of the solu-

tion of the starch. It becomes a remarkably thin

fluid, so that it runs quickly from the mashing oar,

whereby the undissolved white germs of the grain

become visible. A light white foam of lustrous

air bubbles forms upon the surface. The mealy

taste changes gradually into a sweet one, and the

odor of the mash resembles more and more that of

fresh bread.

The indicated phenomena appear sooner with

wheat than with rye, and sooner with grain rich in

flour and having thin hulls than with grain rich in

gluten and having thick hulls. Hence the latter

requires a higher temperature than the former.

A very gradual raising of the temperature is

considered of great importance. For this reason

the operation is frequently interrupted when the

mass has been brought to a temperature of 53° to

56° C. (127.4° to 132.8° F.)

The deviations in the mashing process in the
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various distilleries are manifold, and consist prin-

cipally in the quantity and temperature of the

mashing-in water, the different manner of mixing

the grist with the mashing-in water, the duration

of rest for the mashed-in mass, the difference in

the temperature of the water added in mashing,

and in the time allowed for the formation of sugar.

We give in the following a practical example of

the mashing process:

—

Bach vat of 2300 liters (607.37 gallons) capacity

receives a mixture of 275 kilogr. (605 lbs.) of rye,

125 kilogr. (275 lbs.) of barley, 100 kilogr. (220 lbs.)

of green malt, and 50 kilogr. (110 lbs.) of kiln-

dried malt. 440 liters (116.16 gallons) of water of

60° 0. (140° F.), are then brought into the mash

vat, and to it are gradually added 50 kilogr. (110

lbs.) of bruised green malt, then 200 kilogr. (440

lbs.) of the grain mixture, 50 kilogr. (110 lbs.) of

kiln-dried malt, 200 kilogr. (440 lbs.) of grain, and

finally the remaining malt. With good arrange-

ments mashing-in is finished in 30 minutes, so that

no lumps are formed, nor does any portion of the

grist remain dry. The stirring apparatus is then

stopped, and after cleansing all parts of it carefully

with a brush, the mass is allowed to rest for one

hour, after which 440 liters (116.16 gallons) of

water of 90° 0. (194° F.) are slowly added, which

gives to the mass a temperature of, at the utmost,

70° C. (158° P.). While adding the water the stir-

ring apparatus is run more quickly and, if necessary,
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some steam is introduced to attain the desired tem-

perature. During the half hour required for the

formation of sugar, the mash will retain a tempera-

ture of 65° C. (149° F.) ; the stirring apparatus

being kept in motion during the same time. The

walls of the vat are then cleansed and the mash is

allowed to stand for two hours, the stirring appa-

ratus being only occasionally revolved.

Balling has made experiments with various sub-

stances, to be added in mashing, which, by aug-

menting the yeast-yielding constituents of the

mash, cause a more complete attenuation. The

best success was obtained with yeast itself. Mix

with the mashing-in water, before pouring in the

grist, -t^q of the weight of the latter of yeast (beer

yeast, or better, compressed yeast), and then pro-

ceed as usual.

An addition of phosphoric acid, or skimmed

milk, has also been found useful by Balling, the

latter promoting, in his opinion, the formation of

acetic acid.

Preparation of clear mashes or mash-worts.—
This mode of mashing, which is in general use in

English distilleries, consists in the preparation of

clear saccharine fluids, freed from grains, which are

called worts in distinction from mashes obtained

by saccharification. The mash vat is furnished

with a false perforated bottom and, in large distil-

leries, is provided with mechanical arrangements

similar to those already described. The grain is
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ground fine between millstones, the malt is crashed

by passing through rollers, and the mashing is

generally effected in Steel's preparatory mashing

machine (Fig. 7). The machine stands over the

Fig. 7.

actual mash vat and consists of a copper cylinder,

A, closed on one end and open at a. Through the

centre of the cylinder passes the shaft, D, provided

with stirring arms, and making 150 revolutions a

minute. The grain is poured in through the fun-

nel, C, while the water runs in on the side. The

mixture prepared in the cylinder runs into the

actual mash vat, generally of cast-iron plates firmly

bolted together and provided with a mechanical

arrangement as seen in Fig. 8. This apparatus by
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rotating horizontally and vertically, effectually

agitates the whole of the liquor in the vat.

Fig. 8.

The grist, as previously stated, may be a mixture

of different kinds of grain and malt in variable

proportions, according to circumstances ; 1 part of

malt to 2 or 3 parts of the raw ground grain are

14
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considered the best proportions, though 1 part of

malt to 5, 6, 8, 9, or even 15 parts of the raw grain

is often used.

Suppose 13,000 kilogr. (28,600 lbs.) of grist are

used for one operation. The grist is mashed with

a sufficient quantity of water at 60° G. (140° P.)

to thoroughly moisten it ; sufficient water of 80° to

82° 0. (176° to 179.6° F.) being then added to

raise the temperature of the mash to 65° C. (149°

P.). About 709 hectoliters (1871.7 gallons) are

required for the entire process, so that the propor-

tion of dry substance to water is about 1 : 5. The
perforated false bottom allows the clear wort (mash)

to percolate into the space between it and the true

bottom of the vat, from which it is drawn off into

the underbacks, large vessels placed beneath the

mash vat, wherein the worts are collected till

pumped into the cooling-backs. After the first

wort is drawn off, a like quantity of water of 82°

C. (179.6°-F.) as used for the first mash, is poured

over the grains in the mash vat. The second wort

is drawn off' in the same manner as the first. The
whole of the saccharine and fermentable matters of

the grist introduced into the mash vat are generally

extracted in three, always in four mashings, but

the manner of doing so differs according to the

notions of the manager. In some cases the first,

second, and third mashings are evaporated till the

mixture acquires a specific gravity of about 1.05,

when it is thought to be ready for the fermenting
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tun, the fourth mash being reserved for extracting

fresh quantities of grist.

Other distillers employ such quantities of water

in the first and second extracts as will allow the

wort to be of a strength fit for fermenting ; the

third and fourth worts are then concentrated by

evaporation to the proper density and added to the

first and second
;
or else are made of the proper

strength by running them on fresh quantities of

ground malt and grain. Others, again, manage the

quantity of water in such a manner that the pro-

duct of the first extract has the density necessary

for fermentation, the remaining three extracts being

rendered stronger either by evaporation or mash-

ing with fresh portions of malt or grist.

Distillers and brewers are more variable in their

mode of working than any other class of manufac-

turers who carry on business on a large scale. In no

one operation do they seemingly follow a common
rule, each having some favorite plan of his own of

a supposed greater merit than others ; hence the

great difficulty of giving a true and comprehensive

detail of these branches. To illustrate the manner

of preparing clear mashes, we give in the following

a practical example.

For every 100 kilogr. (220 lbs.) of malt used,

150 liters (39.60 gallons) of water of 70° C. (158°

F.) are brought into the mash vat. After thorough

mashing, 90 liters (23.77 gallons) of nearly boiling

water are added, and after again mashing, the mash
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is allowed to rest, when the resulting 125 liters

(32.8 gallons) of clear wort of 16 to 18 per cent,

are drawn off. 110 liters (29.05 gallons) of nearly

boiling water are then immediately poured over

for the second wort, thoroughly stirred and allowed

to stand one hour, when the clear wort amounting

to about the same quantity as the first, is drawn

off. The two hot worts are mixed and quickly

reduced to the fermenting temperature by means of

suitable coolers. The grains remaining in the

mash vat are once more extracted with hot water,

and finally washed with hot water. The third and

fourth extracts are reserved for extracting fresh

quantities of grist.

The mixture of the first two worts shows, in

this case, 13 to 14 per cent., and attenuates in 4 to

9 days. The attenuated mash is called u wash"

In distilleries provided with several mash vats,

the third wort is allowed to run immediately on

fresh grist, in another vat to prepare the first wort,

the last mashing water being taken for preparing

the second wort, and so on.

In a large Scotch distillery 260 cwt. of grist,

including: a sixth or a fourth of malt, are taken

for an ordinary mash. They are put into the mash

vat, and about 788 barrels* (28,368 gallons) of

water are poured upon them at two stages of the

* 9 gallons

2 firkins

2 kilderkins

make 1 firkin

u 1 kilderkin

" 1 barrel
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operation. The first water is employed at 60° C.

(140° F.), the second water at 79° to 82° C. (174.2°

to 179.6° P.) ; the whole contents of the vat being

brought to 65° 0. (149° F.).

In the Dublin distilleries about seven-eighths of

raw grain are employed. The first mash is the

only one let into the fermenting vat, the succeeding

small worts being kept for the next day's distilling.

In preparing the wort about 5 barrels (180 gallons)

of water are taken to the quarter (8 bushels) of

grist, but more if small worts are used. To com-

pletely exhaust the grist about the same amount of

water is required for the last mashing.

The temperature of the water is made to depend

on the quantity of malt present ; when the malt

and raw grain are mixed in the proportion of 1 of

malt to 2 of grain, the first mashing may be made

at a temperature of 65.5° to 71° C. (150° to 159.8°

F.); but if the malt and grain be as 1 to 4, 6 to 9,

then the water should not exceed 62.5° C. (144 5°

F.) for the first mashing, in order to prevent the

"setting" of the mash. From one hour and a half

to two hours generally suffice for the mashing ope-

ration, when the contents of the mash-vat are kept

in agitation by machinery, and the proper heat of

the water has been attended to
;
though sometimes

the time occupied extends to three or more hours.

The principal advantage of preparing clear

mashes or worts is, that all insoluble admixtures

injurious to the purity of the product are kept

14*



162 DISTILLATION AND RECTIFICATION OF ALCOHOL.

away from the fermenting mash, since the oils of a

peculiar and always disagreeable odor are devel-

oped from the grains only, A further advantage

is that clear worts enable the distiller to make use

of any kind of distilling apparatus, even one

heated by an open fire, while thick mashes require

stills of special construction. But the yield of

alcohol obtained from them is never as large as

that from thick mashes, as it is scarcely possible,

except with very complicated arrangements, to ex-

tract everything that has become soluble during

saccharification. Besides, all the starch of the

grain is never entirely converted into soluble pro-

ducts, and, as it has been proved by many experi-

ments, that a portion of the starch remaining

undissolved becomes of service during fermentation,

it will be readily seen that this portion is entirely

lost, as regards the gaining of spirit, as well as a

portion of the starch dissolved during the mashing

process. Finally, the preparation of clear mashes

or worts requires, in all cases, more complicated

arrangements and more manual labor than that of

thick mashes, so that it cannot be claimed to

possess any advantage even where the revenue

laws allow the distiller to work worts which are,

of course, more dilute than thick mashes.

3. Cleansing the Utensils.

Whatsoever the method of mashing in use, the

vessels and utensils used in the operation must be
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thoroughly cleansed, as soon as the process is fin-

ished. Every particle of mash adhering to the vat

and utensils, until the next operation, would inevi-

tably turn sour, and transfer ferments of acetous

fermentation into future mashes, the effect of which

would be lactic acid fermentation, and consequently,

loss of alcohol, which would constantly increase

with continued work. The vats, etc., should there-

fore be thoroughly cleansed with water, the great-

est care being used to be sure of success.

As an excellent means of cleansing, and prevent-

ing, at the same time, the formation of mould and

acid, Maerkel recommends an addition of carbolic

acid to the water used in cleaning the malt cellar

and fermenting room. It does also excellent ser-

vice when mixed with the lime used in whitewash-

ing the rooms.

Where special causes demand an exceptional

cleansing, Bohm recommends, after the use of all

customary means, to whitewash the vessels, and

after allowing them to stand for one hour, and then

rinsing out with pure hot water, to pour alcohol

upon the sides and bottom of the vessels, and ignite.

4. Cooling the Mash.

The temperature of the mash, after complete

saccharification, being still 50° C. (122° F.), it has

to be cooled off before it can be brought into fer-

mentation. This is effected either in coolers or

refrigerators.
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Coolers are shallow rectangular vessels of wood

or iron, into which the mash is pumped to the

depth of two, three, four, or more inches. The

laborious work of stirring the mash by hand with

rakes is now generally superseded by mechanical

arrangements. Fig. 9 shows a cooler much in use.

The iron cooler, J., rests upon a framework placed

in the open air, or at the upper part of the build-

ing, in such a manner as to be exposed to the most

prevailing wind. It is covered by a light roof to

keep off the rain. The shaft, (7, drives the stirring

apparatus, and the hollow shaft, D, the flighters,

machines like horizontal windmills, a a ;
,
are pul-

leys, one loose, the other fast, the latter setting the

horizontal shaft, e, in motion. The shaft, e, bears the

small cog-wheel, 6, which catches into the large cog-

wheel, fastened to the shaft, 0. By this transla-

tion the shaft, (7, is set in motion, but its revolving

velocity is much slower than that of the shaft, e, as.

the small cog-wheel, must, for instance, make 61

revolutions before the wheel, h\ turns 10 times

around its axis. On the end of the hollow shaft, D,

sits the small conical cog-wheel, c, which gears into

the larger wheel, c', which sits upon the principal

shaft, e. The shape of the two wheels, c c', effects a

slow rotation of the flighters. On the lower end

of the shaft, C, are two long iron arms, F, reaching

over the entire length of the cooler. On the arms

are fastened a number of three-cornered shovels, 27,

which almost touch the bottom of the cooler, and
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constantly stir up the mash when the arms, F, are

revolving.

On one side of the cooler is an opening closed by
a valve through which the mash is directly con-

ducted into the fermenting v.ats by means of a pipe.

The time of cooling is now much shortened, and

the waste of heat lessened by causing the mashes

to pass through tubes surrounded by a stream of

cold water. By these machines, which are called

refrigerators, the mash may be cooled down to the

temperature of the surrounding water, or any other

intermediate degree that may prove most advan-

tageous. Mashes cooled down by this means lose

none of their water by evaporation, as they do if

cooled in the shallow iron coolers previously de-

scribed, and consequently, with the exception of

the little alteration in gravity, occasioned by the

difference of temperature, the mashes remain of the

same density as they indicated when admitted into

the refrigerator.

Nageli's refrigerator, Fig. 10, consists of two con-

centric tubes, 0.1 and 0.14 meter (0.32 to 0.45 foot)

in diameter, leaving an intermediate space of 2

centimeters (0.78 inch). The inner tube through

which the mash passes is of copper and the outer

one of iron, while the cooling water is conducted

through the intermediate space. To give the pipes

as great a length as possible with a small con-

sumption of space, the refrigerator receives the

form as seen in the illustration. The water enters
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at a, and after washing around all parts of the

apparatus, leaves it heated at d.

Fig. 10.

Thin mashes or worts are especially adapted to

cooling in refrigerators. Fig. 11 represents a cooling

apparatus much used in English distilleries, which

possesses the advantage that the evaporation of the

cooling water contributes largely to the cooling of

the wort. From the reservoir, A, the wort runs

through a into the serpentine tube, BB, composed

of a large number of straight joints, and runs off

at b. The cold water drips from the perforated

reservoir, C, upon the top- pipe, and over it, follow-

ing the saw- toothed projections upon the next pipe,

and so on, so that a constant and abundant shower

of water, becoming warmer towards the bottom of

the apparatus is formed, which collects in Z>, and

runs off* at d. It will be seen that the water must

evaporate on the surface of the pipes, which it
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covers in a thin layer, and consequently withdraws

heat from the mash
;

besides, the coldest water

comes always in contact with the pipe containing

the mash cooled off the most.

Fig. 11.

E

To what degree must the mash be cooled? The

temperature required varies, and depends chiefly

on the temperature of the fermenting room, the

size and height of the fermenting vats, the nature

of the ferment and the time in which fermentation

is to be completed.

The higher the temperature of the fermenting

room, the lower the temperature must be at which

the mash is brought into fermentation.
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The larger and less shallow the fermenting vats

are, and the less cooling off takes place by con-

duction, the more the temperature rises in the

course of fermentation, and the lower must be the

temperature at which the mash is brought into

fermentation.

The longer the fermentation is to last, the lower

must be the temperature of the mash when brought

into fermentation.

The duration of fermentation depends much on

the revenue laws of the different countries. In

most parts of Germany, for instance, the duration

of fermentation is restricted to 8 or 4 days; in

Belgium, fermentation must be complete in 24

hours, as the revenue is paid for the vat on the

basis of 24 hours for the completion of the process.

For a 3 days' fermentation in the cold season of

the year, the mash may, as a general rule, be

brought into fermentation at 22° to 25° C. (71.6°

to 77° F.), and in the warmer season at 20° to 22°

C. (68° to 71.6° F.); for a four days' fermentation

in the cold season of the year at 20° to 22° G. (68°

to 71.6° F.), and in the warmer season at 18° to 20°

G. (64.4 to 68° F.). For a fermenting room with a

temperature of 12° to 15° C. (33.6° to 59° F.), a

temperature of 20° to 21° C. (68° to 69.8° F.) will

generally be required forafour days' fermentation.

15
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5. Fermentation of the Mash.

Fermentation is the most important stage through

which the materials in the hands of the distiller

have to pass, and one which not only demands con-

siderable skill and attention for its proper manage-

ment, but also requires extensive knowledge, both

of the principles of chemistry, and of practical

results. Indeed, the success of the operation almost

entirely depends on the fermentation of the mash
;

and unless managed with due care and dexterity,

a failure will be the consequence. Beer yeast was

formerly exclusively used, and this and compressed

yeast are still used in many places where they are

good and cheap and allowed by the revenue laws.

The quantity of yeast required does not increase

in the same proportion as the quantity of mash to

be fermented. If 8 to 10 liters (2.11 to 2.64 gal-

lons) of yeast are required for 1000 (264.12 gallons)

of maSh, 12 to 15 liters (3.17 to 3.96 gallons) will

suffice for 2000 liters (528.25 gallons).

In working thick mashes the temperature exerts

great influence upon the yield ; whenever possible

the mash should not be brought into fermentation

at a higher temperature than 17.5° 0. (63.5° F.).

Thick mashes brought into fermentation at over

20° G. (68° F.) show mostly incomplete attenua-

tion, because at a high temperature the lactic acid

ferment develops too much, and a smaller quantity

of alcoholic yeast is formed.
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With good mash and ferment, and a suitable

temperature, fermentation commences in two hours.

A white foam of small bubbles of carbonic acid

forms upon the surface, first in the centre and then

on the edge of the vat. In a few hours the entire

surface is covered, and the carbonic acid appearing

now in greater abundance, forces the undissolved

substances of the mash, grains and hulls, to the sur-

face, which form a strong cover.

The constantly increasing action of the yeast

shows itself in the increase of the temperature and

stronger development of carbonic acid, and in about

16 hours the most vigorous and active fermentation

takes place, which lasts for about 10 hours. The
temperature rises 15° 0. ( 59° P.), and a pungent,

vinous odor is perceived.

After this period, fermentation becomes gradually

quieter ; the' pungent odor disappears and the tem-

perature falls. The motion of the mash becomes

more gentle and finally ceases entirely. The sur-

face is covered with a solid coat of hulls, which

should be preserved until the wash is distilled.

Should fermentation flag it is almost a hopeless

task to restore vigorous action. Some distillers try

the addition of mash brought into a rapid state of

fermentation in a tub by a large portion of yeast,

but this plan is seldom successful.

The most vigorous fermentation is that in which

the frothy cover of hulls is kept in a constantly

rolling motion, rising on one side of the vat and
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falling down on the other. In another form of

fermentation, the cover is lifted by the carbonic

acid and falls after the latter has forced a passage

;

or the mash intumesces like fermenting flour-dough,

and, after raising up, falls suddenly, the rising and

falling being repeated in quite regular periods.

The mash frequently spurts up high and shows a

vigorous splashing. Both of these fermentations

give good results, the latter showing itself especi-

ally in thick mashes, and is claimed to be produced

by the addition of crushed oats in mashing.

Fermentation without the formation of a cover

is always feeble and yields poor results.

There are many opinions about the advisability

of covering the fermenting vats during fermenta-

tion. The best plan, in our opinion, is to cover the

vats when the ferment has been added to the mash,

in order to prevent the temperature from falling

until fermentation sets in. when the cover should

be removed to avjoid too strong heating. When
fermentation becomes less vigorous, replace the

cover to prevent the access of atmospheric air, the

oxygen of which readily converts the alcohol into

acetic acid during this period. Formation of vine-

gar is detected by the increasing specific gravity of

the mashes, and the peculiar aroma of acetic acid.

The vats are made air-tight by means of a well-

fitting cover, through which a large tube passes and
enters the bottom of a large tub placed over the

fermenting vat; the rising yeast and froth are forced
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through the pipe into the open tub, and when the

fermentation slackens, these matters return into

the vat. Many distillers smear the edge of the vat

with tallow, butter, or rich cream, to keep the mash

from overflowing the vat, while others sprinkle

some oil or melted tallow upon the rising mash,

which effects a sudden bursting of the bubbles filled

with carbonic acid. In general the fermenting

vats are conical vessels of much larger capacity

than required to hold the mash when first intro-

duced, and thus serve the double purpose of con-

taining the froth, and preventing the escape of the

heat generated during the process. At present, in

the larger distilleries, the fermenting vats are of

iron, with an outer casing of wood. They are much

more easily managed than the wooden ones, the

iron having a greater conducting power. Should

the heat of the mash get too high, cold water is

introduced into the space between the casing and

vat ; and if too cold, it is readily brought to the

proper temperature by supplying the jacket with

hot water.

The great disadvantage of wood as a material for

fermenting vats, is that, on account of its porosity,

it absorbs mash, which, after emptying the vat,

becomes sour and exerts an injurious influence

upon the succeeding operation. To prevent this,

the vat should be carefully cleansed with water

and brushes, and occasionally whitewashed, and

again thoroughly scrubbed. To prevent the

15*
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absorption of mash it has been recommended to

coat the inner surface of the vat with a varnish, it

being, of course, necessary that the vats should be

entirely dry. The following preparation has stood

a practical test, and can be recommended for the

purpose: Digest 100 grammes (3.5 ozs.) of shel-

lac, and the same quantity of dammar resin in

2 liters (2.11 qts.) of alcohol in a well-closed

bottle, which should be put in a warm place until

the greater part of the resins has been dissolved.

Shake the bottle frequently. The varnish or glaze

is ready for use when a turbid fluid has been

formed, which does not require filtering. A coat

of varnish is then applied, and set on fire when it

has dried so far that it no longer runs. When it

burns brightly, the cover is placed tightly upon
the vat to extinguish the flame, and the vat is

allowed to cool off with the lid on, A thin layer

of the varnish will remain adhering so tightly to

the sides of the vat, that it will not crack off.

Fermenting vats constructed of glass plates have
been recently used with excellent success. They
possess invaluable properties, but the difficulty of

constructing such large vessels of glass, and their

consequent costliness, will very likely prove a

serious hindrance to their general introduction.
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II. PREPARATION OF VlNOUS MASH FROM MAIZE

OR ElCE.

As maize can be crushed and ground, and has

the same chemical composition as grain, its conver-

sion into sweet mash cannot vary essentially from

the process employed for wheat, rye, etc. The

maize is mixed with malt. The modification

which takes place is due to the hard, horn-like

nature of the grains. Maize must be crushed and

ground fine, and, by bolting, converted into meal.

The loose condition required for the mash is

obtained by the use of green rnalt, or dry malt

crushed between rollers. Mashing maize in the

customary manner by mashing a mixture of maize

meal and crushed malt, and then adding hot water,

the conversion of the starch of the maize into

sugar would be incomplete, on account of the

insufficient softening of the maize-substance.

Hence the maize meal is first mashed-in bv itself,

in warm water, and the temperature of the mass is

then gradually raised to 80° to 90° C. (176° to

194° F.), which will effect a complete softening-

The mass is next cooled off, and the malt, pre-

viously mashed-in in cold water, is finally added.

Maize requires at least two and one-half times its

own weight of water for mashing-in, thought the

proper proportion depends on the nature of the

different varieties of maize.

The water for doughing-in is taken, at a temper-
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ature of about 68.7° 0. (155.7° F.), so that, after

the meal has been gradually poured in, the

doughed-in mass shows a temperature of 59° to

61° 0. (138.2° to 141.8° F.) Should the distiller

hesitate to bring the meal in immediate contact

with water of such a high temperature, the water

may be divided into two portions; the meal is

then poured into the first and larger portion at 38°

0. (100.4° F.), and the other portion, having a

temperature of about 87° C. (188.6° F.), is added

after some time. Hamilton recommends the use of

water of not more than 45° C. (113° F.), so that

after doughing-in the mixture shows a temperature

of 42° 0. (107.6° F.) He claims that by this

means, and the very slow addition of steam for

further heating, the formation of lumps in the

mash can be best avoided. The doughing-in

requires 20 to 30 minutes.

The softening of the doughed-in maize cannot

very well be accomplished with boiling water, as

too large a quantity would be required ; steam has

therefore to be used. When the mass attains a

temperature of 72° C. (1.61.6° F.), it commences to

swell, and, should too little water have been used

for doughing-in, it will be impossible to work it

any further. The proper softening of the starch

granules, which is recognized by a peculiar

aromatic odor and by pressure with the fingers, is

only attained at a temperature of over 82° C.

(179.6° F.) In introducing steam the mass spurts
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up as soon as the temperature is more than 62° C.

(143.6° F.) Hence the mash vat, if provided with a

stirring apparatus, is covered, or if the mashing is

done by hand, the place where the steam-pipe

enters the mash vat is covered, or a cover consist-

ing of two halves and provided with two slits for

the passage of the thin ends of the mashing-oars,

is placed upon the vat. Hamilton recommends the

keeping of a board, several feet square, floating

upon the surface of the mass over the opening of

the steam pipe. *

Th e mass, when thoroughly softened, must be

quickly cooled off to the temperature at which the

formation of sugar takes place (63° C, 145.4° F.),

which is effected by vigorous stirring or a cooling

apparatus. After adding the malt, previously

mashed in with cold water, and thorough mashing,

the mash is allowed to stand a few hours for the

formation of sugar, the vat being covered to retain

the required temperature.

The quantity of malt varies very much. While
some distilleries use but J of the weight of maize,

others take ^,
i to J. It is also customary to add

some rye-grist, which it is claimed promotes fer-

mentation. The rye-grist is doughed-in, and, after

sufficient cooling of the maize, added either before

the malt, or doughed-in with the latter, and the

mixture added. In a large Hungarian distillery

14 parts of maize, 2J of malt, and 3 of rye are

used.
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From 12.5 to 14.3 per cent, of dry malt corre-

sponding to 15.63 to 17.8 per cent, of barley is used

when no rye is added. Of green malt at the ut-

most 16.7 per cent, corresponding to 11.1 per cent,

of barley is required.

Modifications of the mashing process occur but

seldom. The method of adding a small quantity

of malt to the maize meal in doughing seems to us

a very rational one, as the diastase present, by

liquefying the finer particles of the meal in the slow

softening process, renders the mass less thick. Some
persons dough-in mash and malt simultaneously,

though this cannot be recommended, if our opinion,

that the diastase loses its effects at a high tempera-

ture, be correct.

The Belgian mashing apparatus (Fig. 12), which

allows of a convenient heating and cooling of the

mash, is especially adapted for working maize. It

consists of a horizontal sheet-iron cylinder closed

on both ends by vertical sides and provided with

stirring apparatus and jacket. Fig. 12 shows a

cross section of the apparatus. A is the inner

space, B the space between the cylinder and jacket,

c a wide opening for drawing off the mash, and

d an opening for letting off steam or water from B.

e is the shaft of the stirring apparatus which passes

through stuffing boxes in the sides of the cylinder

and projects sufficiently on one side to carry the

pulley. The shaft makes 26 to 28 revolutions a

minute.
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1, 2, 3, 4 are arms fastened to the shaft. They
carry small iron cross rods, so that each arm acts as

a frame. This arrangement is also modified so that

each arm forms a grating by means of cross rods,

Fig. 12.

which are made so wide as to project one over the

other, by which a more effective working of the

mash is accomplished.

The water passes into B at /, and passes out at

the upper part of B. The length of the cylinder

is about 2 meters (6.56 feet).

By introducing steam or cold water in the space,

B, the contents of the apparatus can be kept at any

desired temperature, while the stirring apparatus

effects the mixture of water and maize meal.

In Hungary, where the distilling of maize is

carried on very extensively, the use of dissolved
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sulphurous acid has been widely introduced. The

principal object of its employment is to increase the

yield, which is generally obtained, while the other

advantages claimed for it seem to be less substan-

tiated. Perhaps other acids, more easily applied,

might prove of as much advantage. Sulphurous

acid is, however, exclusively used for the purpose

of improving the mash, and consequently sacchari-

fication and fermentation. The presence of acid

especially promotes the formation of a homogene-

ous paste free from lumps; hence it is employed

by using water, which has absorbed sulphurous

acid, instead of ordinary water.

To saturate the water with sulphurous acid,

sulphur is burned in a suitable oven, and a finely

divided stream of water directed against the current

of gas formed, and the acidulated water collected

in the lower part of the absorbing column of cast

iron, wood, or burned clay. The other parts of the

oven -consist of iron with a coating of clay and iron

filings mixed with vinegar.

The proportion of sulphur used should be so

regulated that the solution of the acid contains

from 60 to 120 grammes (2.11 to 4.23 ozs.) of sul-

phur to every 100 kilogr. (220 lbs.) of maize.

The maize meal is placed in large vats and

allowed to stand covered with the acidulated water

for 24 hours. A remarkable change takes place

during this time; the mass turns yellow, and all

hard and solid parts feel soft and fatty to the touch.
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When this is the case soaking should be inter-

rupted, as otherwise putrid fermentation may
easily set in. The mass is then brought into large

iron vats, and, after adding sufficient water to form

a stiff paste, heated by steam to 87° or 88° 0.

(188.6° or 190.4° P.), being constantly stirred by
mechanical appliances.

The sulphurous acid, being volatile, of course

escapes during this operation, only the portion fixed

on bases, and perhaps converted into sulphuric

acid, remaining, which is, however, sufficient to

answer the purpose.

The heated mass is allowed to stand 1 to £ hours.

In the mean while the required crushed green malt

is mashed-in in the mash vat with cold water, and
the maize mash gradually added with vigorous

stirring and heating to 65° 0. (119° F.)

The mash shows generally 18 to 11 per cent.,

and fermentation is completed in 16 to 18 hours.

During fermentation the temperature of the mash
rises to 40° 0. (104° P.), a thick layer of reddish

oil forming upon the surface.

The working of maize is carried on in a very
simple manner in Italy. While a number of dis-

tilleries effect saccharification by the use of sul-

phuric acid, more modern ones use barley malt.

The maize is converted into a fine powder, soaked
in water for 24 hours, and then thoroughly boiled

for several hours by the introduction of direct

steam. The intumesced paste-like mass is then

16
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cooled, compounded with barley malt, and, after

saccharification is complete, brought into another

cooler and cooled to about 30° C. (86° F.). The

artificial yeast prepared from kiln-dried ground

malt is then added, and the mash, showing about

12 per cent, by the saccharometer, subjected to

fermentation, which lasts about two days, and brings

the mash to 0 per cent.

In another distillery, saccharification is effected

by the use of germinated maize without the addition

of barley malt.

In malting maize it is desirable that it should

germinate quickly and the radicle be developed as-

long as possible. The maize is soaked 4 to 5 days

in winter and 26 to 36 hours in summer, the time

depending much on the hardness and temperature

of the water used. The soaking water is changed

every 14 hours in summer, and every 24 to 30

hours in winter. The soaked maize is piled up

until it becomes heated, or, better, until it spires

;

the height of the pile depends on the local tempera-

ture and the season of the year, but the pile must

always be carried warm. When a thorough sweat

shows itself on the surface, the pile is turned over

with a shovel. The malt can be used in winter in

6 or 7 days after soaking the maize, and in summer

on the fifth day. The malt is ground, with a con-

stant admission of cold water, to a fine paste in a

mill of two stones, and added to the mash, it being
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advisable to grind it shortly before use, as it passes

quickly into fermentation.

What has been said in regard to the mashing of

maize applies, in general, to that of rice. The hard,

horny nature of many varieties renders the conver-

sion into flour absolutely necessary. Continued

soaking and scalding before adding the malt are also

required for the complete conversion of the starch

into sugar. To effect liquefaction and avoid the

formation of a thick, pasty mass, the addition of a

small quantity of malt in scalding is recommended.

Eice-spirit has a very fine and pure odor, and brings

a higher price than the ordinary product, while the

grains yield an excellent fodder.

III. Preparation" of Ylstous Mash from .

Potatoes.

The active principle by which the starch of the

potato is converted into dextrose, is diastase, but

this substance is not found even in the germinated

potato. To convert the starch into dextrose it is

therefore necessary to add malt, or to treat the pota-

toes first with dilute sulphuric acicl. The first

method is most generally used, which includes the

following operations : 1. Washing, 2. Boiling, 3.

Chopping of the boiled potatoes.

1. Washing.

In all large distilleries a washing machine similar

to that in beet sugar factories is used. It is very
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suitable to connect with the washing machine an

apparatus for removing stones frequently found

among potatoes, as they are very troublesome in

the succeeding operations of boiling and chopping.

Siemens's washing machine may be especially rec-

ommended for the purpose, as it accomplishes a per-

fect separation of the stones.

2. Boiling or Steaming the Potatoes.

The potatoes are placed in a large wooden vat,

and boiled by the introduction of steam. When the

potatoes are done the steam pipe is closed as far as

to admit only sufficient steam to keep- up the boil-

ing temperature in the barrel, and the chopping of

the potatoes is at once proceeded with.

3. Chopping the Boiled Potatoes.

This is effected by passing the boiled potatoes

between two hollow cast-iron cylinders, the axles of

which are so arranged and fitted in a frame-work

as to admit of the cylinders being moved in oppo-

site directions, and thus capable of converting the

boiled potatoes into a uniform' mash. The chop-

ping machine is placed immediately over the mash

vat, which stands either below or alongside the boil-

ing vat so that the boiled potatoes fall from the

boiling vat into the hopper of the chopping machine.

Fig. 13 explains the arrangement.

A is the vat for boiling the potatoes.

B B are the chopping rollers.

(J is the mash vat.
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The arrangement will be understood from the

following description :

—

Fig. 13.

a is the hopper over the chopping rollers ; b is a

small spur wheel whose teeth catch into a larger

16*



186 DISTILLATION AND RECTIFICATION OF ALCOHOL.

one sitting upon the shaft of one of the rollers and

imparting motion to it, which is transferred to the

other roller by means of a large cog-wheel fastened

to its shaft.

cc are the journals of the roller shafts; d the

arrangement by which the distance between the

rollers is regulated.

//is a strong wooden frame supporting the jour-

nals of the roller shafts and of the wheel, b.

g g is a pipe provided with a cock for supplying

the mash vat with water.

h h is a pipe provided with a cock for the intro-

duction of steam into the mash vat.

ii is the pipe for discharging the mash from the

mash vat, and

h the valve closing the pipe ; it is lifted out with

a hook when the mash is to be drawn off.

m is a stationarv iron beam with the immovable

bevel gear, n, in the centre of which is the bearing

of the vertical shaft, o o, of the stirring apparatus,

which receives its revolving motion through the

bevel gear, p q.

r r are conical wheels upon the horizontal revolv-

ing arm-shafts, s s. The cogs of this wheel catch

into those of n. The arm-shafts have their inner

centre of motion on the shaft 0, and their outer at

a, on the shaft, t t.

The manner in which the stirring apparatus

works is readily understood. When the vertical

shaft, 0, revolves, the wheels, r, catch into the
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wheel n, and cause the horizontal arm arrangement

to revolve.

The mashing process varies very much. Of the

numerous modifications we give only a few which

most deserve attention.

a. About half an hour before the potatoes are

done, 16 to 18 liters (4.22 to 4.75 gallons) of water

of about 15° to 25° C. (59° to 77° F.) for every

100 kilogr. (220 lbs.) of potatoes, are brought into

the mash vat, and, after pouring in the entire

quantity of ground air-dried malt, or of finely

crushed green malt, the whole is vigorously stirred.

The malt is sometimes rye-malt, sometimes barley-

malt, and generally a mixture of the two. Green
malt has greater power of conversion than air-dried

malt, ultimately producing a larger quantity of

alcohol. The proportion of crushed malt to be

employed varies in many instances; in some cases

only 2 to 3 per cent, of barley-malt is added to 100

parts of potatoes ; in others as much as 10 per cent,

is used. A medium quantity between these two
extremes, or about 5 per cent., is most in use.

When the potatoes are done, the door of the boil-

ing vat is opened and the potatoes are gradually

drawn into the hopper of the chopping machine by
means of a long hook, the chopped potatoes falling

into the mash vat. When all the potatoes have
thus passed through the chopping machine, the

mashing is continued for some time. When mash-
ing is finished, the temperature of the mash must
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be 63° to 65° C. (145.4° to 149° F.) This is abso-

lutely necessary, and the quantity and temperature

of the mashing water and the rapidity with which

the potatoes are passed through the chopping

machine must be regulated accordingly. Practice

teaches this in a few days; nothing more especial

can be said about it.

The above temperature must not be exceeded

during mashing, and in order to avoid it, occa-

sional use of the thermometer should be made.

If there is any danger of the temperature rising too

high, the chopping of the potatoes must be inter-

rupted and the mash thoroughly stirred, and, in the

worst case, some cold water added to it.

After mashing is complete, the mash vat is

covered, and the mash is allowed to rest two or

three hours for the formation of sugar.

b. Of the many mashing methods recommended

we mention that according to Gumbinner:-

—

When the potatoes are done, a few bucketfuls of

lukewarm water are poured into the mash vat, and

chopped potatoes added until the mass can no

longer be worked with facility, and shows a tem-

perature of 50° to 60° 0. (122° to 140° F.) ' The

fourth part of the malt grist required is now scat-

tered over the mass and the whole thoroughly

worked with the stirring apparatus, the door of the

boiling vat remaining, in the mean while, closed.

In two or three minutes the chopping of the potatoes

is continued until the temperature in the mash vat
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has risen to 60° to 62° 0. (140° to 143.6° P.), when

the second quarter of the malt grist is scattered

over the mash and thoroughly mixed with the con-

tents of the mash vat. The chopping of the pota-

toes is again interrupted during this operation.

The third and the last quarter of the malt grist

are added in the same manner whenever the tem-

perature of the mash is 60° to 62° C. (140° to 143.6°

F.)

The temperature of the mash must not exceed

62° to 63° C. (143.6° to 145.4° P.), it being best to

keep it at 61° C. (141.8° F.). Should the mash be-

come too hot by the addition of chopped potatoes,

the operation must be interrupted and the mash

thoroughly stirred until sufficiently cooled. The
final temperature in mashing should be 61° C.

(141.8° F.)

The mash-vat is now covered with a well-fitting

cover, which is removed after exactly half an hour,

and the mash stirred until it shows 58° 0. (136.4°

F.) It is then allowed to stand uncovered for one

hour, and stirred once more, though too strong

cooling off should be avoided.

When saccharification is complete, the mash is

cooled and conducted to the fermenting vat. The

proportion of yeast to be added is, as experience

has shown, at least 0.5 kilogr. (1.1 lbs.) of com-

pressed yeast to every 100 kilogr. (220 lbs.) of

mash from potatoes and malt. The potato mash

contains, besides the husks of malt and grain,
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some finely divided cellular tissue; these sub-

stances, during fermentation, are carried to the

surface of the mash and form a scum, the appear-

ance and behavior of which give an opportunity

of judging the progress of the fermentation.

Under normal conditions the development of

carbonic acid appears inside of two hours, and

produces a light, white froth. In the course of six

hours, the mash rises up, and a cover of husks and

cellular substance is formed. Mash correctly

treated, and brought into fermentation at the lowest

temperature admissible, will always pass through

a quiet progressive fermentation, decreasing in the

same proportion as its increase. The scum which

appears on the surface sinks, or is drawn down at

one side of the vat and thrown up at the opposite

side, while bubbles of air or gas appear and burst

on the surface, much as baker's dough heaves

under the influence of the ferment. In about 16

hours after bringing the mash into fermentation,

the yeast acquires its greatest activity ; the most

vigorous period of fermentation commences, lasting

20 hours, during which the temperature of the

mash rises about 12° to 15° C. (53.6° to 59° P.),

and a pungent odor, originating from the escape of

carbonic acid, is perceptible.

. The violence of the fermentation abates gradu-

ally, the visible motions upon the surface of the

mash become weaker and weaker, the pungent
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odor disappears more and more, and the tempera-

ture falls a few degrees.

The surface of the mash becomes finally entirely

quiet; the skins and solid constituents of the

potatoes reappear on the surface and form a solid

cover.

With a regular fermentation, as described above,

the distiller may be assured that all fermentable

constituents will be decomposed, and all the sugar

be converted into alcohol and carbonic acid.

Irregular fermentation is so far opposed to the

regular course, that the surface of the mash is only

partly covered with froth, which remains in one

position, and does not move itself. The result of

such a fermentation is generally defective, the

reason being the incomplete sacchariflcation of the

mash, the addition of too small a quantity of

yeast, or, finally, working at too low a temperature.

The greatest danger, as regards the yield of

alcohol, is found in the appearance of so-called

viscous fermentation, which is very likely pro-

duced by an excessive development of other fer-

ments present besides the alcoholic ferment. For

practical purposes it is sufficient to know that it is

chiefly caused either by the vats not being thor-

oughly clean, or by the use of spoiled ferment.

Fermentation produced by either one of these

causes increases gradually, until the mash becomes

actually so viscous and ropy that a large portion

runs over and is lost. Fermentation producing
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lactic and butyric acids belongs practically to the

same order of phenomena. All means proposed,

which generally consist in the addition of certain

quantities of mash, are entirely worthless, the

only remedy being a change of the ferment,

thorough washing of the fermenting vats and

other utensils, etc. Cleanliness and a somewhat

lower temperature are the best means to prevent a

recurrence of the evil.

IV. Mash from Grain and Potatoes with

Sulphuric Acid.

We have already seen that some dilute acids are

as capable of converting starch into sugar as the

diastase of the malt; dilute sulphuric acid is com-

monly applied for this purpose, though, generally

speaking, the process cannot be recommended. It

is true that by the use of sulphuric acid a more

concentrated mash can be obtained, and a conse-

quent higher yield of alcohol from the mashing

space, which is of advantage in countries where

the tax is levied on the latter, but even this is

scarcely a compensation for the loss of the grains

as feed. Leplay first recommended the mode of

preparing mash by means of sulphuric acid. The

grain to be worked is converted into a fine grist,

and the grist soaked in lukewarm water for a few

hours, with frequent stirring, to separate as much

as possible the starch granules from the bran. The
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required quantity of sulphuric acid, diluted with
water, is brought to the boiling point in a capa-

cious vessel, best provided with a stirring appa-

ratus. The liquid grist mass is then gradually

poured into the boiling acid fluid. In the boiling

fluid the formation of paste is not perceptible, but
as soon as it cools off somewhat, it thickens in

consequence of the formation of paste, returning,

however, to its thinly-liquid condition in a few
moments, when a fresh portion of grist is added.

This is repeated until the last portion of the grist

has been poured in, when the boiling is continued
until saccharification is as complete as possible.

The acid liquid is then drawn off into a vat for

neutralization, which is done in exactly the same
manner as in starch factories. The neutralized

fluid is then cooled off and brought at once into

fermentation, or the sulphate of lime (gypsum)
which is formed is first allowed to settle, and the

supernatant fluid is then drawn off and brought
into fermentation.

To prepare mash from potatoes by means of sul-

phuric acid, the potatoes are first converted into a

pulp, which is thrown into a large vessel containing

water. The starch cells separate, some settling to

the bottom of the vessel, others becoming mixed
with the cellular tissue of the pulped potatoes. The
brown-colored supernatant fluid, wherein is also

contained the albumen of the potatoes, which would,
if left, interfere with the action of the sulphuric

17
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acid upon the starch, is first siphoned off and is

given as drink to cattle, or is used for the purpose

of moistening dry fodder. While this operation is

in progress 1.5 to 2 kilogrs. (3.3 to 4.4 lbs.) of

strong sulphuric acid diluted with 3 to 4 liters

(.792 to 1.05 gallons) of water for every hectoliter

(2.88 bushels) of potatoes are heated to the boiling

point in another vessel, and the previously washed

green potato starch is gradually and in small por-

tions added to. the boiling fluid. The boiling is

continued until the whole of the starch, as well as

all the dextrine, is converted into glucose, the

course of the progress of the conversion being ascer-

tained by iodine water, while the insolubility of

dextrine in alcohol affords a means of ascertaining

whether the conversion of this substance is com-

plete. A sample of the fluid, when agitated with

alcohol, should exhibit no milky appearance. After

about five hours' boiling, the formation of sugar

will be complete. The fluid is then first fun into a

vessel with double bottoms, one of which,is perfo-

rated with small holes so as to admit of acting as a

strainer to retain cellular tissue, etc., after which

the fluid is run into another vessel, and while therein

is neutralized by the addition of chalk. The gyp-

sum having settled down, the fluid is again trans-

ferred to another vessel. The wash of the sediment

having been added, the liquid is ready for fer-

mentation.
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VII.

DISTILLATION OP THE VINOUS MASH.

Prior to fermentation, the mash is chiefly a solu-

tion of glucose, dextrine, proteine substances, and

various salts mixed with insoluble -grain husks or

potato skins. After fermentation, it is a solution

of alcohol, fusel oil, acetic acid, carbonic acid, suc-

cinic acid, glycerine, and some undecom posed mash-

extract, mixed with the above-named insoluble

substances and with yeast. Alcohol, carbonic acid,

succinic ac;d, glycerine, and fusel oil are the pro-

ducts of decomposition of the sugar by the ferment-

ing process, while the acetic acid is formed from the

alcohol by the action of the air, and yeast is pro-

duced at the expense of proteine substances.

For our purposes the constituents of the fer-

mented mash may be divided into volatile and

non-volatile constituents, viz :

—

Volatile Substances.—Water, alcohol, acetic acid,

fusel oil, carbonic acid.

Non-volatile Substances.—Mash extract, especially

its salts, yeast, grains, etc.

Water constitutes the greater portion of the

volatile substances ; alcohol amounts to about 6 or

8 per cent, by weight, and acetic acid, fusel oil, and

carbonic acid occur in proportionally very small

quantities.
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In heating the fermented mash, the carbonic acid

escapes first, and then the alcohol, water, acetic acid,

and fusel oil evaporate, so that the non-volatile sub-

stances can be separated from the volatile consti-

tuents. By continuing the heating in an apparatus

which allows of the recondensation of the vapors

of the alcohol, of the water, acetic acid, and fusel

oil, a mixture of these volatile substances is obtained.

The carbonic acid, not being recondensed, is lost,

but as it is of no consequence for our purpose we

leave it out of consideration.

Water boils at 100° C. (212° F.), and alcohol at

78.3° C. (173° F.). Thus it might be thought that,

while the boiling point of water is 21.7° C. (39° F.)

higher than that of alcohol, it would follow that

when a vinous mash is heated to 80° C. (176° F.)

only the alcohol would be converted into vapor, the

water remaining behind. But this is not the case,

for under all circumstances the boiling point of a

mixture of alcohol and water is higher than that of

pure alcohol alone, and the vapor formed consists

of both alcohol and water. The reason is partly

due to the affinity of alcohol for water, partly also

to the fact that water evaporates at a lower tempera-

ture than its boiling point ; the former (affinity)

retains alcohol and prevents its escape at the proper

boiling point (78.3° C, 173° F.) in the shape of

vapor. If the mixture of alcohol and water be

heated to its boiling point (suppose 90° 0., 194° F.),

much more alcohol will be converted into vapor,
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because its boiling point is lower, while of water

just so much is evaporated as would be the case

were it, when pure, to be heated to this temperature,

while simultaneously a current of air is passed

through it, because the vapors of alcohol evolved

from the mixture act exactly in the same manner

as would a current of air carried through the mix-

ture of alcohol and water, the former substance

taking up just as much water as will be volatilized

at the boiling poiut of the mixed liquids. As the

quantity of vapor evolved from a liquid bears a

direct relation to the temperature of that liquid, the

quantity of aqueous vapors in the mixture of vapors

will increase according to the increase of tempera-

ture, until at last, as soon as the boiling point rises

to that of water (100° C, 212° F.), no more alcohol

will be present in the vapors which are given off*.

At the commencement of the distillation, the vapor

given off contains much alcohol and little water
;

presently more water comes over, and •finally only

water. It is therefore quite evident that we can-

not by distillation separate alcohol at once from the

rest of the volatile constituents of a vinous mash

liquor. By interrupting the distillation at the

proper time, there is obtained in the distillate all

the alcohol contained in the mash along with a

certain quantity of water, while the residue of the

distillation will not contain even a trace of alcohol.

The liquor obtained by the first distillation is gen-

erally very weak alcohol, and requires further rec-

17*
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tification. The process is to increase the proportion

of alcohol. This rectification, which is another pro-

cess of distillation, may be continued until the alco-

hol contains only a small quantity of water, which

can only be eliminated by the aid of such substances

as have a greater affinity for water than the alcohol,

which retains the liquid very tenaciously. The first

portions of liquid obtained by the distillation of

vinous mash are rich in alcohol and are termed

fore run or first, run, while the last portions of the

fluid yet containing alcohol are called after-run.

Distillates containing less than 40 per cent, of

alcohol are called low wines, and those prepared

from them by rectification and containing 40 to 50

per cent, of alcohol, whiskey
;
while those contain-

ing 60 to 95 per cent, of alcohol are termed spirit.

A stronger alcohol than 95 per cent, cannot be

obtained by means of rectification alone.

A distilling apparatus, as usually employed, con-

sists in its simplest form of four parts, namely, the

still, the head or cap of the still, the cooling appa-

ratus, and the receiver. Fig. 14 represents a simple

distilling apparatus used at present only in small

distilleries. The still, is generally constructed of

sheet copper, more rarely of iron boiler plates.

The shape of the vessel varies, but is generally a

somewhat flattened cylinder, provided with a round

opening 12 to 14 inches in diameter, fitted with a

collar about 1 inch in height, forming the neck upon

which the cap or head, A, is placed. From, the head,
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the pipe, (7, conveys the volatilized alcohol into the

serpentine pipe (worm), D, placed in the condenser

rilled with cold water. The recondensed liquid

leaves the worm at o.

Fig. 14.

These simple stills have the disadvantage that a

distillate -of the required commercial strength can

only be obtained by a repeated process of distilla-

tion, this, of course, being a costly affair both as

regards consumption of materials, fuel, etc., and

loss of time. At the present day distilling appa-

ratuses are generally so arranged that by a kind of

dissociation of the mixture of vapors, alcohol of any

desired strength can be at once prepared. How-
ever much the shape and details of construction of

the apparatus may vary, they all agree in this re-

spect, that the mixture of vapors of alcohol on their

way from the still to the condenser become continu-
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ously richer in alcohol, so that on reaching the

cooling apparatus, strong alcohol is the result of the

operation. This result can be attained in two ways

:

1. By causing the mixture of vapors to pass re-

peatedly through alcoholic liquids formed by the

condensation of the vapors first given off; when

afterwards the temperature increases, in consequence

of the continued rush of vapors into the liquid, a

new process of distillation begins, the vapors gene-

rated by it being far richer in alcohol than when the

first distillation took place [principle of rectification).

2. By so cooling the mixed vapor that the water

only is condensed, the alcohol passing on as a vapor

(principle of dephlegmation).

Most of the recent distilling apparatuses may be

considered to consist of the following parts:

—

1. The still or vessel in which the fermented

mash is placed.

2. Two condensing apparatuses, one of which

serves as rectifier, while the other completes the

condensation of the products.

3. A dephlegmator in which the mixed vapor

separates, a portion of the water becoming con-

densed, and a vapor richer in alcohol being carried

forward, this latter being carried into the cooling

apparatus, while the former flows back into the

still.

In the following, we propose to describe a few ot

the more important recent distilling apparatuses.
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Dora's still, represented in Fig. 15, is an example

of an apparatus provided with a rectificator.

A is the still ; B the helm; G the wort-warmer

(fore-warmer), with the worm, g\ D the rectificator

separated from the wort-warmer by a copper par-

tition
;
E is the condenser, with the worm, p. The

Fig. 15.

wort-warmer is provided with a cover, h h, fitted

with a tube through which passes the shaft of the

agitator, i. The mash is admitted into the wort-

warmer through the pipe, /, to a level with the cock,

m. Any alcoholic vapors forming in the wort-

warmer are conducted into the worm, g, by the

bent pipe, placed upon it.

The mash is drawn from the wort-warmer into

the still by the pipe, e, which is provided with a

cock. The low wines are drawn from the rectifi-

cator into the still through the cock, /, and the

residue is removed from the still by opening the
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cock, a. Warm water for rinsing the still, after

drawing off the residue, is admitted from the con-

denser through the pipe, c 5, by opening the cock,

d. A. small pipe with a stopcock, r (so-called test-

cock), is inserted in the helm, which pipe is con-

nected with the end of a small worm, in the con-

denser, g. This serves to ascertain whether the

mash contains any more alcohol.

An apparatus is furnished at the end of the

worm, as it issues from the condenser, in order

that the flow of liquor may be observed, and

its strength noted at the same time. It consists of

a tube bent at right angles as at s t t
1
the upper

part of which terminates in a curve, x, through

which the air of the worm is expelled. The arm,

t, is terminated in a basin holding an inverted

glass jar, W, in which a hydrometer is placed and

floating in the spirit to tell the proper strength.

The pipe, v
)
carries off the finished spirit into the

tank.

After closing all the cocks with the exception of

m, distillation is begun by filling the wort-warmer,

(7, with liquor through the pipe, ^ till it flows out

at the stopcock, m
)

after which the cock, e, is

opened till the still is filled to an overflow pipe,

which regulates the amount of liquor to be intro-

duced, but which is not seen in the illustration.

The cock, e
1
is then closed and the furnace lighted

under A, in case distillation is carried on with direct

firing, or steam is admitted into the still, after
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which the wort-warmer is refilled and the cock, m,

closed. As the alcoholic vapor rises, it is partly

condensed in the few coils of worm in the vessel, G
1

the liquid falling down to the rectificator, D. As
the liquor collects in the bottom part of the vessel,

the un condensed vapor gurgles through it, and

further deprives it of aqueous vapor; the uncon-

densed portion then issues through the connecting

pipe to the large worm in the condenser, where

it becomes wholly liquefied
;
the excess of liquid

in the lower part being returned to the still by the

pipe, /. Distillation is continued until the distillate

shows 40 to 35 per cent. Tr. By opening the cock,

r, and catching the liquid escaping from the small

cooling apparatus, q, and testing it with an alcoholo-

meter, it is ascertained whether all alcohol has been

expelled from the mash. When this is the case,

the charge in the still is emptied through the cock,

a, and water is admitted from the condenser

through the pipe, c, before the still is entirely

empty, to prevent the burning of the fresh supply

of mash, which, as soon as the still is emptied, is

introduced from the wort-warmer in the same man-

ner as before, the fire being slackened, or steam

shut off while this part of the work is going on.

Since the introduction of a better apparatus,

Dora's is seldom used by large distilleries ; it is,

however, frequently met with in small establish-

ments, and where brandy is rectified.

Egrot's rum apparatus (Fig. 16), is chiefly used
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in English and Cuban rum distilleries. It consists

of the still, A
)
which is filled two-thirds full ; the helm,

B, which acts as a dephlegmator; the wort-warmer,

(7,, provided with a worm, and the condenser, D. <iis

Fig. 16.

the discharge pipe, / the overflow pipe of the still.

m is a water pipe throwing a jet of cold water first

into the small upper funnel from which it runs

through small holes into a worm in the helm,

escaping at n. In its course it is brought to 60°

C. (140° P.), and hence causes a vigorous dephleg-

mation of vapors of alcohol and fusel oil in the

helm.
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The alcoholic vapors . pass through, e into the

worm in the wort-warmer, where they experience

a second rectification by dephlegmation, the liquid

thus formed returning through g. The wort-

warmer is connected with the still by the pipe,/,

while h connects the worm in the wort-warmer

with, that in the condenser ; h is a pipe for cold

water, and I the overflow-pipe.

The manner of working is the same as with a

simple apparatus. A strong cooling of the con-

denser is essential to prevent loss of rum.

Pistorius first introduced into Germany a distilling

apparatus fitted with two stills ingeniously com-

bined with rectificators and dephlegmators. When
a distilling apparatus, is required which not only

extracts all the alcohol from the mash, but also

produces the alcohol in a very pure and concen-

trated state, performing this work with the least

possible expenditure of fuel and labor, Pistorius's

apparatus (Fig. 17) answers the purpose admirably.

A and B represent the two stills. A is the

main still, which is either placed on a furnace and

heated directly by fire, or by means of steam.

Heating by steam-pipes instead of direct firing

possesses many advantages. The second still, B,

is placed at a somewhat higher level so that its

contents can be discharged into the main still, and,

when not heated by steam-pipes, is situated on the

flue of the furnace. G is the wort-warmer connected

18
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with the rectificator, (7. D is one of three basins

placed one above the other.

The arrangement of the apparatus is best ex-

plained by the distilling process.

Fig. 17.

The wort- warmer being connected with the mash

reservoir, the stills receive their charge of mash

always through the wort-warmer, which must,

therefore, in the commencement of the operation

be filled three times with mash through the pipe,

A', the first charge being introduced into the sec-

ond still through the wide pipe, y, with the stop-

cock, 5, and from this into the main still by means

of a connecting pipe having a valve appended,
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which will be readily recognized in the drawing,

while the second charge is brought into the second

still, and the third remains in the wort-warmer.

The fire is then lighted and the mash in the main
still brought to the boiling point, being frequently

stirred by means of the agitator, /. The fire is then

moderated by partly closing the damper in the

chimney in order to prevent the mash from boiling

over.

The vapors escaping from the main still pass

through the helm, 6, and the pipe, g, into the sec-

ond still, whose contents in a short time are also

raised to ebullition, which takes place at a lower

degree in consequence of the quantity of alcohol it

receives from the main still. The alcoholic vapor

from the second still passes through the helm,

and the pipe I (whose lower part, m, dips into the

mash), into the elbow, n, the upper part, s
)
of which

passes through the bottom of the rectificator, (7,

and enters beneath the annular cap, t t, fastened to

the bottom of the wort-warmer, by which the

vapor is forced to descend. The vapor thus con-

ducted into the rectificator being condensed by
coming in contact with the exterior cold surface of

the rectificator and of the lower part of the wort-

warmer, falls to the bottom. After the temperature

in the interior of the rectificator has sufficiently risen

by the vapor gradually streaming in, the liquid is

again brought to ebullition causing rectification.

The vapors which are developed enter the nar-
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row space, u, between the sides of the wort-warmer

and rectificator, and pass through the two pipes,

v v, which unite in the centre to w, into the lowest

basin, D, where they are forced to spread out by

the disk, c
f a f

c
;

,
and are precipitated by the lower

surface of the basin which is surrounded by cold

air. As they suffer the same action from the

upper surface of the basin which is cooled by water,

they pass over the disk and enter a second basin

similarly arranged, and from this, sometimes a third

basin, and pass finally into the worm of the con-

denser. The bent pipe, p, on n, is a safety pipe.

It is obvious that the distillate commences to pass

over onlv at a considerable time after the mash in

the main still has been brought to ebullition. The

commencement of passing over is recognized when

the hand cannot be placed without burning upon

the pipe d! leading from the upper basin into the

cooling pipe. A thin stream of water is then

allowed to flow through g
f upon the basin. Care

must be had not to admit too much water at first,

as the vapors which first escape are very rich in

alcohol and contain less free and latent heat than the

succeeding more aqueous ones, and distillation

would in consequence be delayed by the unneces-

sary condensation of the vapor rich in alcohol and

sufficiently rectified. To effect a proper regulation

of the quantity of water, on which depends the per-

centage of alcohol of the distillate, the pipes are

provided with cocks in convenient places. The
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water is generally conducted upon the centre of the

basin provided with a rim over which the water
pours in all directions. The escape pipe for the

heated water, which cannot be seen in the illustra-

tion, is on the edge of the basin. The upper basin

must be kept cooler than the second, and this cooler

than the first, so that the vapors pass constantly

into cooler rooms.

When the mash in the main still is exhausted,

the fire is slackened by inserting the damper plate

into the flue to cut off* the draught, and the residue

is drawn off. The mash from the second still is

then admitted into the main still and that from the

mash-warmer through y, into the second still, and
the mash-warmer is charged with fresh mash.

Fig. 18 is a modification of the Pistorius still.

Though widely different in form, the principle upon
which it is designed is precisely the same. A is

the main still; B the second still ; 0 the rectificator

with the mash-warmer, D
; E the lower basin, and

F and G the upper basins, a is the pipe for filling

the mash-warmer from the mash reservoir ; b a pipe

with valve attached to conduct the mash from the

mash-warmer into the upper still, B] c the pipe for

admitting the mash from the still, B
)
into the still,

A; d, an aperture for the pipe for drawing off the

residue
;

e the steam pipe for the distillation of the

still,. A' The pipe, g, on the helmet of the still, A.
serves to conduct the vapors escaping from this still

into the mash in B. h is the cap of the rectificator

18*
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Fig. 18.
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C, by which the entering vapors are forced to pass

through the fluid collected on the bottom. The
pipes, % i, serve to conduct the vapors from the rec-

ti ficat or into the basin, E. K is the cap of the

basin, E. From this the vapors pass through the

basins, F and 6r, from which they are finally con-

ducted through the pipe, ?, into the condenser.

The arrows indicate the direction of the vapors.

The pipes, m m m, serve to withdraw the water

from the basins, while n n n are discharge pipes

for the water flowing upon the basins, o o are

pipes through which the liquid condensed in the

basins, F and 6r, pass into the pipe, p, and from this

either into the rectificator, (7, or, by closing the

cock, x, on through the rising pipe, g', into the

basin, E. The pipe, r, serves to conduct the liquid

from E
1
into the rectificator, (7, while the contents

of the latter can be brought through the pipe, r,

into the still, B. s is a test pipe through which the

vapors of the main still, A, are conducted into a

small condenser to test the percentage of alcohol.

t is the safety valve, and u the glass gauge of the

mash-warmer, v v are the safety vales of the stills.

B and A and w are manholes.

Siemens 's Centrifugal Apparatus.—Siemens has

demonstrated that the distillation of the mash is

incomplete or very slow with the ordinary intro-

duction of steam. Hence he has contrived an

arrangement by which the mash is conducted upon

revolving disks, which divide it very finely and



212 DISTILLATION AND RECTIFICATION OF ALCOHOL.

bring it in intimate contact with the introduced

steam. The disks revolve in funnel-shaped divi-

sions of a distilling column, which serve to collect

the finely divided mash and to conduct it upon the

next disk. The column, which answers the pur-

pose of a still, is provided in the centre with an

upright shaft carrying the disks. Eotation is

effected from below by means of a paddle wheel

placed in the lower part of the column and set in

motion by the steam before the latter enters the

column.

This: Arrangement, according to the results of

experiments made with the apparatus, has proved

very effective, and several of the apparatuses have

been introduced into Cuba and Eio Janeiro.

The principal parts of the apparatus are shown

in section in Fig. 19.

The mash enters at A the coil B
1
which is placed

in the mash warmer, (7, passing through it from

the bottom to the top. The vapors developing

from the? mash occupy the external space between

B and (7, and, while heating the mash in the coil,

are them!selves condensed. The part, C, of the

apparatus may therefore be termed a condensing

mash-warmer. The mash passing over at x

reaches the column through D. Through the

centre of the (iron) column, JE, passes the copper-

coated shaft, F F, which carries the copper disks,

b b b. The column is formed of separate rings,
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Fig. 19.
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with funnel shaped bottoms, or of truncated cones,

a a, held together by suitable bolts or screws.

The steam enters through /, and, after setting the

paddle wheel in motion, ascends the column and

meeting the mash coming down deprives it effec-

tively of its alcoholic vapors. After reaching the

mash-warmer it is partly condensed, and passes

through / into the rectifying parts of the apparatus,

which may be of the usual construction.

The shaft, which projects downward, revolves in

the step-bearing h.

This apparatus has thus far been only used for

the distillation of molasses, but there can be no

doubt of its availability for other mashes.

Collier -BlumenthaVs Apparatus improved by De-

rosne.—This is one of the oldest stills employed

for continuous distillation, and is much used in

France for the distillation of wine, beet juice, and

other thin mashes. It is not available for thick

mashes.

Fig. 20 is a general view of the apparatus.

A is the main still, and B the second still upon

which stands the column, CCD, the lower part, G (7,

of which is the distilling column, and the upper part,

D
1
the rectifying column. E is the mash-warmer

with a coil. F is the copper condenser, with

worm. G is a small vessel for the fluid to be dis-

tilled (wine, etc.). This vessel supplies itself by

means of an automatic tap, from the store-vat, H.

The still, A, is bricked in over a furnace; h is a
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pipe passing through the brickwork, and provided

with a stopcock, a, for drawing off the residue.

The gauge glass, of the still sits upon this pipe.

The still, B
1
stands at a higher level than 4, so

that its contents can be drawn into the latter

through the pipe, d c d. It is heated by the hot air

escaping from the furnace of the still, A. p is the

gauge-glass of the still, B. The pipe,///, which

terminates in a rose, conducts the vapors develop-

ing in the still, A, into the contents of the still, B,

Inclosed in the distilling column, G C, are nine pairs

of copper plates ; the lower plate of each pair,

which is much larger than the upper, has its con-

cave side turned upward, and the latter its convex

side. The plates are fastened to three copper rods

so that they can be taken out and replaced as a

whole. The concave plates are so large as to

almost touch the sides of the column, and are pro-

vided in the centre with an aperture. Hence,

when the liquid to be distilled flows through, the

pipe, h h, in the uppermost concave plate, it passes

through the aperture of this plate and falling

upon the succeeding smaller plate, it spreads out

upon this, and falling over the rim of this plate

passes into the second concave one, and so on,

until finally it reaches the still, B.

The vapors developing in the still, B, pass into

the column in an opposite direction to that of the

mash, i. e., while the latter falls down in the col-

umn, the former ascend it and become laden with
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the alcohol of the mash. As the concave plates,

as stated, are so large as to nearly touch the sides

of the column, the vapors are forced to pass chiefly

through the mentioned apertures.

From the column, G C, the alcoholic vapors pass

into the upper column, Z>, which incloses six con-

densing basins of essentially the same construction

as the plates in the distilling column. The wide

pipes of the basins are covered with a cap or a bell,

which forces the vapors to pass through the liquid

in the basins. Only the lowest basin, as will be

seen, has a drip-pipe, through which the liquid

flows back into the upper basin of the column, (7,

while the liquid collected in the other basins, runs,

after reaching the height of the steam pipe, through

this back into the basins situated lower down.

From the uppermost condenser of the column, D
)

the vapors, which are now rich in alcohol, pass into

the worm, s, of the condenser, JE
)
which communi-

cates through the pipe, £, with the worm of the

refrigerator. To understand the action of the

worm, 5, it is necessary to consider the course the

mash has to run. The apparatus requires no cool-

ing water, the mash itself acting as a substitute.

By properly opening the tap, w, a sufficient quantity

of mash is allowed to flow from the reservoir, £r,

which, as previously stated, is supplied by means of

an automatic tap, from the store vat, H, into the

funnel-pipe, A, which passes into the refrigerator at

h. The mash being heated by the worm of the

19
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refrigerator rises, in consequence of the pressure of

the liquid in the pipe, into the pipe, g g, which

conducts it into the mash-warmer, where it is

heated still more, and finally runs almost boiling hot

through the pipe, h h, into the distilling column,

C G. In order to effect the running off of the hot-

test mash from the mash-warmer, the latter is

divided into two divisions by the partition, 0, which

is only provided with an aperture near the bottom.

The front division is the smallest, and contains the

hottest coils of the worm, while the others lie in

the back division. The mash flowing through r r

into the back division passes through the aperture

in the partition into the front division, where it is

heated to almost the boiling point by the hot coils

of the worm, q q q are arm-holes for cleansing the

mash-warmer.

From each coil of the worm in E, except the

first and last, a small pipe passes vertically through

the bottom of the mash -warmer. All the pipes

enter a collecting pipe lying nearly horizontally

and having but a slight fall towards the refriger-

ating pipe, t, into which it passes. From the refrig-

erating pipe, two vertical pipes, x x\ provided with

cocks (return pipes) branch off towards the side of

the condenser, and enter the pipe, m m, which is

slightly inclined towards -the column, and passing

down on the side of the column and bending up-

wards, enters the third plate from the top.

Another pipe, ??, also provided with a cock,
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branches off from the collecting pipe, runs down

the column, and, turning upwards, enters the fourth

plate, i. 6., the one below the third.

The liquid formed by the condensation of the

vapor in the worm, passes from each coil through

the respective pipe, into the collecting pipe. If

the cocks, x and x\ and the cock on n, are closed,

all the condensed liquid runs into the refrigerating

pipe, t. If, on the other hand, all the cocks are

open, the condensed liquid passes into the pipes,

m m and ra, and from these back into the column,

while only the vapors remaining uncondensed in

the worm, pass through t into the refrigerator

;

the distillate obtained in this manner being of

course the strongest, and that in the first case the

weakest, since all the phlegm (water of distillation)

reaches the refrigerator. By closing or opening

the separate cocks, x f x and n, the distiller can at

pleasure obtain a strong or weak distillate.

The manner ofcarrying on the work with thisappa-

ratusis as follows: The still, 4, is first filled three-

fourths full with the liquid to be distilled, and then

the still, j5, about one fifth full. The fire is then

applied under A, the refrigerator and mash-warmer

being also filled in the mean while with the liquid to

be distilled by opening the cock, w, on (r, but the

flow is interrupted by closing the cock, w
)
as soon as

the liquid begins to run into column and fall into

the still, i?, which is recognized by the gauge-pipe, p'.

When the liquid in the still, A, is heated to the
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boiling point, the alcoholic vapors formed are con-

ducted through the pipe, /, to the bottom of the still,

B] the vapor in passing through B condenses in

part, at the same time heating the contents. The

vapors then pass through the column, 0 and Z), and

enter the worm of the mash-warmer, where they are

condensed in consequence of the contents of the

mash-warmer being cold in the commencement of

the operation. The cocks, n x x!\ are left open to

allow the condensed liquid to run back into the

column, D.

In the same degree as the contents of the mash-

warmer become heated, a more incomplete conden-

sation of the vapors takes place, and the distillate

commences to run off from the refrigerating pipe at

Zj the strength of the distillate being determined,

as previously stated, by opening or closing the

cocks, m x x f
. The heated liquid in the mash-

warmer is now allowed to pass through the pipe,

A, into the column, (7. at first in a weak stream

which is gradually increased, the operation being

controlled by the cock, w. After distillation has

been carried on some time and the contents of the

still, A, are found free from alcohol, the residue is

drawn off through the cock, a, and the still refilled

from the still, B, the contents of which have of

course much increased by the liquid coming from

the columns. Thus the operation is continued by

drawing off from time to time the residue from A,
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and refilling it, which makes the distillation a con-

tinuous one.

To obtain brandy as the result of distillation, the

cocks, n x x\ are kept closed ; while for the weak

spirit, n is left open ; for stronger spirit, cc, and for

the strongest distillate, all three cocks.

Cellier-BlumenthaTs Apparatus for Thick Mashes,

modified by Gail.

This apparatus (Fig. 21) is provided with two

stills, A and B, placed one above the other, which are

heated either by a furnace or by steam introduced

through the pipe, z. y is the discharge cock; cc, the

gauge-pipe of the main still
;
v, a safety-valve, and

v\ a test-cock.

The vapors are conducted through the pipe, a b,

into the still, B, from whence they ascend the col-

umn, CD, which contains ten divisions consisting of

plates with pipes and caps, and provided on each side

with large apertures, m m, for the purpose of clean-

ing them. The vapors after repeated condensation

pass through D f D" into the vessel, E. The low

wine condensed in the worm runs back into E and

Ef
,
where it is rectified by evaporation. In H\&

the principal rectificator in the form of a condens-

ing worm, whose coils conduct the return pipes,

which can be used at pleasure, to F. S is the re-

frigerator
;
the distillate is discharged at u.

The thick mash is forced through the pump, R,

into Rf

,
where it is kept in constant motion by an

19*
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agitator moved by h P P7/
,
and flows through Q

into the condenser, G II, which serves at the same

time as mash-warmer, where another agitator set

in motion by the shaft, M N, prevents the settling

Fig. 31.

down of any solid parts. The hot mash runs from

the upper part at G through c into the upper part

of the column, D C, over the intermediate plates

into the second still, B
)
and so on. The apparatus

works continuously. The still, A
)
is emptied, accord-
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ing to Payen, every hour, and an apparatus pro-

ducing 20 hectoliters (528 gallons) of 95 per cent,

alcohol requires a steam boiler of 25 square meters

(269.1 square feet) of heating surface.

Caffetfs apparatus, which is used in nearly all the

large English distilleries producing only spirit,

differs in its construction from all other stills. The
apparatus consists of three parts, viz., the column A
called the analyzer, the column, B, called the recti-

fier, and the condenser, C. The column, A
}
consists

of a number of chambers, a a a, formed by the inter-

position of copper diaphragms which are perforated

with numerous holes and furnished with valves

opening upwards. To each of them is also attached

a dropping pipe, 6, by which the liquor flows from

plate to plate; the upper end of each pipe projects

about 1J inches above the plate in
t
which it is

inserted, so that at all times during the distillation,

a stratum of wash of that depth remains upon each

diaphragm. The lower end of each pipe dips into

a shallow pan on the diaphragm beneath, thus form-

ing a steam trap, by which the escape of vapor

through the pipe is prevented. The pipes are in-

serted at alternate ends of the diaphragms as shown
in the figure ; d is the steam pipe ; e the discharge

pipe for the swill, which collects in the reservoir,/.

The alcoholic vapors developed by the current of

ascending steam and descending liquid pass through

into the column, B, which is called the rectifier.
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and the low wine formed is pumped by the pump, A,

from K into A.

The column B is divided into chambers by inter-

posed copper plates in a manner similar to that

just described. The lower chambers, 1

1

/, constitute

the rectifier, and its diaphragms are perforated and

furnished with valves and dropping pipes precisely

similar to those of the analyzer. The upper cham-

bers form the finished spirit condenser, and are

separated from the lower chambers by a copper

diaphragm, V\ without perforations, but having a

large opening for the passage of alcoholic vapors,

and a dropping pipe.

The pump, m, is worked continuously during the

operation so as to supply the apparatus with a regu-

lar stream of wash. It is so constructed as to be

capable of furnishing somewhat more than is neces-

sary, and there is a pipe with stopcock by which

part of what is pumped up may be allowed .to run

back, and the supply sent into the apparatus regu-

lated.

The low wine condensed in the lower part of B.

enters the analyzer, J., at A, while the hot spirit

condensed in the upper part collects upon the dia-

phragm, V\ and passes through v, or according to

the position of the respective cocks, into one of the

condensing worms in (7.

In every chamber, both of the finished spirit

condenser and of the rectifier, is a set of zigzag

pipes, each of which is connected with the other by
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bends, thus forming a continuous pipe leading from

the mash pump, m, to the bottom of the rectifier,

whence it finally passes out, and rising up enters

the top chamber of the analyzer, where it discharges

itself.

When commencing an operation, the wash-pump

is set in motion to charge all the zigzag pipes until

the wash passes over into the analyzer. The pump
is then stopped and steam let into the bottom of

the apparatus at d. The steam passes up into the

analyzer whence it descends to the bottom of the

rectifier. It then rises through the chambers, I Z,

enveloping the zigzag pipes, and rapidly heating

the wash contained in them. When the attendant

perceives by feeling the bends of the pipes that the

wash has been heated in several layers of these

pipes, he again sets the pump to work, and the

wash, now nearly boiling hot, and always in rapid

motion, flows from the pipe, A, at 6, and passes

down from chamber to chamber through the drop-

ping pipes. It may here be observed that no por-

tion of the wash passes through the small holes

perforated in the diaphragms which separate the

chambers. These holes are regulated, both in num-

ber and size, so as to be not more than sufficient to

afford a passage for the vapors upwards, when

under some pressure. The holes, therefore, afford

no outlet for the liquor, which can only find its

way down in the zigzag course from chamber to

chamber. It is therefore obvious that the wash, as
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it passes down, is spread into as many strata as

there are diaphragms, and is thus exposed to the

most searching action of the steam constantly blow-

ing up through it. As it falls from chamber to

chamber, its alcohol is volatilized by the steam

passing upwards, and by the time the wash has

reached the reservoir, /, no trace of the spirit

remains.

The course of the wash being understood, that

of the steam requires very little description. The
steam passes first through the layers of wash on the

diaphragms of the analyzer. In its course it ab-

stracts alcohol from these layers of wash, deposit-

ing water in its place. After traversing the whole

of the analyzer, the vapor, now containing much
alcohol, passes into the bottom of the rectifier, and,

as it ascends, it envelops the pipes and heats the

wash contained in them, simultaneously parting

with its more watery portion, which is condensed,

and falls in the state of ebullition on the several

diaphragms of the rectifier. By the time the vapor

reaches the passage in the diaphragm, V , it is nearly

pure alcohol ; and as it is condensed by the wash
in the pipes and falls on the diaphragm, it is con-

ducted through or v
1
to a refrigerator. At the

top of the spirit condenser is a large pipe which

serves as a vent for the uncondensable gas disen-

gaged in the process, and this pipe also communi-

cates with, the refrigerator, so that, should alcoholic

vapor at any time pass out of the apparatus, no loss
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is sustained beyond the waste of fuel caused by

condensing it by the water of the refrigerator

instead of the wash of the condenser.

The liquor formed on the several diaphragms of

the rectifier descends to the bottom in the same

manner as the wash falls from chamber to chamber

in the analyzer, but as it still contains alcohol, it is

conveyed by a pipe to the pump, m, by which it is

raised up with the wash to be again distilled.

The water for supplying the boiler passes

through along coil of pipe immersed in the boiling-

hot spent wash, by which means it is raised to a

high temperature before it reaches the boiler.

The vapor passing through this apparatus is con-

densed by the wash and not by water, and no heat

is wasted.

The apparatus is chiefly intended for distilling on

a large scale, and on account of the narrowness of

the pipes through which the wash passes, is only

available for thin mashes (worts).

New American Still.—The alcohol still repre-

sented in Fig. 23 is an American invention, and

consists chiefly in a novel construction of the vapor

condensers, and means for returning to the boiler

or heating tank, the heavy products of distillation

which become separated from the vapor in its pas-

sage through the condensers. The annexed draw-

ing is a vertical section of a still embodying this

improvement. A is the still, the heat being sup-

plied by a coil-pipe, B
)
and a steam-pipe, (7, pro-
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vided with a stopcock, Z), which serves to control

the influx of steam. A branch-pipe, C% is ex-

tended from the steam-pipe, (7, and enters the tank

at or near the bottom thereof. By means of a stop-

Fig. 23.

cock, D\ applied to the pipe, the steam can be

prevented from passing through said pipe, until it

becomes necessary to admit steam at the bottom of

the tank for the purpose of assisting the coil, B
)
to

20
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heat the liquid spirits, which assistance is especially

required when the liquid is low in the tank. A
perforated cap, C\ is applied to the discharge end

of the pipe, Gf
\ for the purpose of diffusing the

steam issuing from said pipe. F represents the

rotary agitator arranged in the tank for the purpose

of stirring the substance under treatment, and also

for assisting in cleaning the tank, a pipe, being

connected to the bottom of the tank for the dis-

charge of the rinsing water.

To the top of the tank, A, is connected a capa~

cious vapor-duct, 6r, which rises a certain height,

and then deflects downward to a dome, £T, built

upon the top of the tank. This pipe or duct, 6?,

conducts the vapor, or products of distillation, from

the tank to the dome. The foam, whick frequently

rises in the tank, A, during the process of distilla-

tion, is prevented from following the vapor in its

aforesaid passage by the intermediate elevated

portion of the duct, (?, thus obviating the liability

of clogging the return pipe, i, hereinafter described.

The dome, iT, is deprived of a direct communica-

tion with the tank, A, by a diaphragm extended

across the base of the dome. An indirect commu-
nication, however, is formed by . a pipe, /, pendent

from the diaphragm, r, and terminating inside of

the tank in proximity to the crown-sheet thereof
;

a downward deflection of the intermediate portion

of the pipe, /, forming a trap, i
)

which prevents

the escape of vapor from the tank through the said
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pipe ; the function of the pipe, /, being to return to

the tank the heavy products of distillation con-

densed into the condensers, K K, which are super-

imposed, and communicate with the top of the

dome, H. Each of the condensing chambers, K, is

provided on its top with a water receptacle, m, hav-

ing an overflow-pipe, o
1
by which the water is con-

ducted successively from one chamber to the other,

the water being conducted to the uppermost con-

densing chamber, K, from an elevated reservoir, 6,

by a pipe, s, provided with a cock, t
)
for controlling

the flow of water.

From the top of the series of condensing chambers,

K
)
is extended a vapor duct, L, which intersects a

chamber, M, at or near the top thereof. From the

bottom of this chamber to one of the condensers, K,

is extended a pipe, e, for the purpose of conveying

to the latter such portion of the vapor as may
become condensed and precipitated in the chamber,

M] the pipe, e, being bent to form a trap, which

prevents the vapor from ascending from the con-

denser, K, through the said pipe.

From the top of the chamber, M
1
rises a pipe, N,

which, by a downward deflection, communicates

with a worm, P, disposed with its axis horizontal

through a vat, (9, which is filled with cold water

by a pipe, c, leading from the water tank, b. An
overflow, </, connected with the vat, maintains the

water at a uniform height.

The bottom of each of the successive coils of the
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worm, P, is tapped by a pendent pipe, h, which

draws therefrom the liquor produced by the con-

densation of the heavier particles of the vapor

circulating through the worm.

A pipe,/, connected to the respective pipes, h h,

and extended to one of the condensing-chambers, K,

serves to convey to the latter the aforesaid liquid,

the pipe being bent in the usual way, to form an

intermediate trap.

To the end of the worm, P, is connected a vapor-

duct, P, which communicates with an annular pipe,

T, arranged horizontally on the upper part of a tank,

&\ which is filled with water by a pipe, c?, extended

from the reservoir, b.

Underneath the pipe, T7

,
are arranged a series of

flat chambers, V V, extended nearly across the

tank, and placed one below the other. The re-

spective chambers are constructed of two concavo-

convex plates, placed with their concave side facing

each other and united at their edges. The top of

the upper chamber, V, is connected with the

annular pipe, T7

,
by a pipe, Z7, and each of the

chambers is connected with its subjacent chamber
by a central pipe, U. The lowermost chamber
communicates at the centre of its bottom with a

coil-pipe, W, which has its discharge end extended

through the side of the tank for the delivery of

the distilled spirit. Each of the chambers, V. is

provided internally with a diaphragm, preferably of

cancavo-convex form, and placed with its convex
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side upward, which diaphragms deflect and retard

the flow of the vapor, and bring the same more

intimately in contact with the shell of the chamber

cooled by the surrounding water. By means of

the flues, a a, extended vertically through the

chambers, F, and open at both ends, the water is

caused to circulate through the chambers, and

further subject the vapor to the cooling influence

of the water.

What is claimed in this invention is the improved

still-condenser consisting of the tank, S, annular

pipe, T, pipe, £7, chambers, V F, formed of a con-

vex top plate and a concave bottom plate united at

their edges, a convex diaphragm, n, inside of said

chambers, flues a a, extended vertically through

the same, pipes I Z, connecting the chambers, and

the coil W, or other outlet pipe, all as shown and

set forth.

VIII.

RECTIFICATION AND PURIFICATION OF SPIRIT.

All spirituous liquors are identical when the

extraneous bodies from which such liquors are

obtained have been removed, with the exception

that a variable amount of water is present in them.

They are all more or less concentrated solutions of

20*
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alcohol. Thus, the alcohol from wine, rum, malt,

potatoes, carrots, beets, grasses, and various other

sources, is the same in quality, provided all the

solid and liquid impurities be removed. The

manufacturer of whiskey, or of any of the other

alcoholic liquors, rarely purifies the products, but

disposes of them to the rectifying distiller, whose

business it is to remove those contaminations which

make the liquor disagreeable or injurious. The

chief object of the distiller in rectifying spirits is

the removal of the volatile oils, known by the

general term of fusel oil, in order to procure a pure

alcohol from which, by the aid of other ingredients,

he can fabricate liquors imitating those more costly

products which are" formed naturally, such as the

better varieties of brandy, gin, and all the other

kinds of liquors and cordials which are in daily

request as favorite beverages.

For the fabrication and purchase of spirit free

from fusel oil, it is of the greatest importance to be

able to determine accurately the presence or absence

of fusel oil. Unfortunately no chemical means have

as yet been discovered, and we are forced to rely

entirely on taste and odor. All methods of detect-

ing fusel oil in alcohol are based upon it being less

volatile than alcohol. Rub the alcohol to be tested

between the hands and allow it to evaporate, when

the characteristic smell of fusel oil will be perceived.

This method, though in general use, is not reliable,

since a peculiar odor is frequently observed, even if
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the alcohol is free from fusel oil, by the alcohol

dissolving oil from the skin.

A better plan is to rinse out a glass with alcohol

and allow it to stand until the alcohol is evaporated,

repeating the process several times ; the remaining

phlegm shows the characteristic odor of fusel oil.

Vogel finds that alcohol to which a solution of

nitrate of silver has been added, when placed in

the sunshine, remains perfectly clear and bright,

whereas, if it contains fusel oil, it becomes very

strongly reddened. Gobel states that. the origin of

any alcohol can be ascertained by the following

means, even when no particular odor can be

detected by ordinary examination : A solution of

1 part of potassium hydrate in a small quantity of

water is added to 100 parts of the brandy or spirit

to be examined ; after agitation the whole is re-

duced by slow evaporation to 15 parts. An equal

volume of dilute sulphuric acid is then added and

the mixture well shaken. In the case of potato

spirit the vapor evolved has a very disgusting odor,

and produces, when inhaled, spasmodic contraction

of the throat, headache, and giddiness. In the case

of malt spirit the odor resembles that of sour

dough, and produces a similar though less powerful

physiological action, Rum, arrack, brandy, etc.,

have, when treated in this manner, each their char-

acteristic and perfectly different odor.

Ulex describes a method arranged for special

purposes of determining fusel oil, making at the



286 DISTILLATION AND RECTIFICATION OF ALCOHOL.

same time some statements about certain peculiars

ties of fusel oils from different raw materials. In

England fusel oil is a commercial article and can

only be imported free of duty when it contains less

than 15 per cent, of proof spirit of 0.920 specific

gravity. The manner of testing the fusel oil is as

follows: Shake the fusel oil with an equal volume

of Avater and allow the mixture to stand quietly 12

hours, when there will be an upper layer of fusel

oil and a lower one of aqueous spirit. By testing

the latter with the alcoholometer the percentage of

proof spirit is found. But the supposition upon

which this determination is based—that fusel oil

yields nothing to water—is not true, since the varie-

ties of alcohol, of which the fusel oil consists, pos-

sess, according to their origin, a different degree of

solubility, amyl alcohol alone being entirely insolu-

ble. Now, as the different alcohols'* found in fusel

oils boil at different temperatures, varying propor-

tions of fusel oils derived from the different raw

materials pass over in distilling at determined tem-

peratures.

Ulex, for instance, found that

Beet. Potato. Grain.

Fusel oil. Fusel oil. Fusel oil.

p. c. by vol. p.c.byvol. p.c.byvol.

At 80Otol00OC. (176Q to 2120 F.) 13 13 31

" 100 to 130 C. (212 to 266 F.) 53 30 26

Over 130 C. ( 266 F.) 34 57 43

* Ordinary anhydrous alcohol boils at 78.30 C. (173° F.),

propyl alcohol at 97© C. (206.6° F.), butyl alcohol at 109° C.

(228.2QF.), and amyl alcohol at 132© C. (269.6© F.)
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pass over. The product at between 80° to 100°

C. (176° to 212° P.) was chiefly propyl alcohol, at

between 100° to 130° 0. (212° to 266° P.) butyl

and amyl alcohol, and at over 130° C. (266° P.)

amyl -alcohol. This shows that beet fusel oil con-

sists only of one-third of alcohol insoluble in water,

and that spirit of wine constitutes only the smallest

portion of the other constituents soluble in water.

Hence the foregoing method of determination can

only give inaccurate results, and Ulex recommends
the separation of the spirit of wine by uninter-

rupted distillation, according to which the deter-

mination of spirit of wine in fusel oil is effected

as follows: From 100 cubic centimeters (61.02 cub.

inch.) distil off 5 cubic- centimeters (0.305 c. inch),

shake the distillate with an equal quantity of satu-

rated solution of common salt, and allow the mix-

ture to rest. If one-half or more of the mixture of

fusel oil separates, the fusel oil contains less than

15 per cent, proof spirit, while, if. less than one-half

of the mixture of fusel oil separates, more than 15

per cent, of proof spirit is contained in the fusel

oil. In the last case the spirit is determined by
shaking the fusel oil with an equal quantity of

saturated solution of common salt, less propyl and
butyl alcohol being dissolved by this than by pure

water, allowing the solution of common salt to sepa-

rate, and distilling off' the spirit.

Rectification and Purification by Distillation.—
Experience has shown that by rectifying the spirit
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until it contains more than 92 per cent. Tr., the

fusel oil is so far removed as to make it impossible

to detect the derivation of the alcohol. Hence rec-

tification to the mentioned degree is the simplest

means of purifying spirit containing fusel oil.

The apparatuses used for the purpose are gen-

erally those in which the still is connected with

rectifying arrangements. They vary only in the

difference and number of the arrangements used.

Direct heating is, on account of danger from fire,

not permissible, and distillation by steam directly

introduced into the still unsuitable, since this

would effect a dilution of the alcoholic liquid to be

rectified. Hence the still is provided with a steam

coil, and, in case it is very large, with two, placed

one above the other.

In redistilling, the first portion which comes

over has washed out the apparatus, and contains

some very volatile bodies ; this is called the fore-

shot or foreran, and is caught in a separate vessel.

As the percentage of alcohol of the liquid in the

still decreases constantly during distillation, and

hence the escaping vapors become poorer in alcohol

and richer in water, it would be very expensive to

allow the distillate to run at a high grade to the

end of distillation ;
different products are therefore

drawn off in rectifying spirit. After the foreshot

comes the purest spirit of about 93 per cent. Tr.,

then follows spirit of a poorer quality of about 90

per cent. Tr., and then spirit of a bad taste in
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which fusel oil is perceptible. The foreshot and
the spirit of 90 per cent. Tr., are either sold as

ordinary rectified spirit, or are again rectified.

The aftershot or afterrun is collected and rectified

by itself, the result being different products not

entirely free from fusel oil.

Fig. 23 represents a still constructed by Savalle

which is much used in France for the rectification

of high wine or raw spirit. If the latter is used

it is reduced to half its strength by the addition of

water. The high wine is brought into the lower

copper A, where it is heated by means of direct

steam, which is passed into the same bv means of a

perforated worm, or else it is heated by indirect

steam, by means of a steam coil. The vapors

leave the upper copper and enter the rectification

column, B. From this they pass through g )
into

the condenser, (7, from which the condensed liquid

flows back to the rectification column, through the

pipe, h, while the vapors enter into the cooler, D.
The distilled spirit then passes through the cham-
ber, F, containing the alcoholometer, whence it

flows to the storage tanks. The apparatus is fed

with raw spirit from the reservoir, J", to which the

waste products of the rectification return. The
steam cupola, Cr, is calculated to facilitate the sepa-

ration, of the fusel oil towards the end of the ope-

ration. F is a pressure regulator for steam, and H
is a water tank.
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Rectification by Chemical Agents.—The number
of means proposed and sometimes used for freeing

spirit from fusel oil is very large, and how much
they differ as regards their chemical nature, may
be seen from an enumeration of the most remark-

able ones. They are : coal, especially wood char-

coal, soap, oil and fatty substances, soda, lime, sul-

phuric acid, nitric acid, chloride of lime, perman-

ganate of potash.

Coal, soap, and oil are supposed to effect a real

removal of the fusel oil, by absorbing it, while the

purpose of the other agents is either to destroy the

fusel oil by oxidation, or b}^ the action of chlorine,

or the masking of the oil and its conversion into less

disagreeable compounds. When the spirit con-

taining fusel oil is rectified over chloride of lime,

permanganate of potash, etc., valerianate of fusel-

ether is formed ; but since the action of these

reagents is not limited to the amylic alcohol, but

extends to the ethylic, it is very difficult to adjust

the quantity of these reagents so that only the

amylic alcohol be acted upon. If the spirits from

which the fusel oil is to be removed are treated

with a mixture of sulphuric acid and vinegar, there

is formed, besides acetic ether, acetate of amyl of a

pleasant fruity flavor. Hydrochloric and nitric

acids act in a somewhat similar manner.

Caustic potassa—under the name of gray salts

—

or soda, is added to unite with the oil
;
pearl ash

—

white salts—is added with the view of combining

21
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with the water, as well as of taking up the fatty or

oily impurities. The alkali combines with the oil,

giving a soap which remains in the still, while the

spirit passes off divested of its impurities. It has

been ascertained that when carbonated alkali is

used, the distillate contains a sufficient amount of

the salt to affect reddened litmus and turmeric;

hence this method cannot always be followed.

The most approved method of removing fusel

oil is by means of well-burnt charcoal (vegetable

charcoal, charred peat, boneblack), which when

brought into contact with the crude spirit absorbs

the fusel oil mechanically. By the aid of charcoal,

spirits are purified either in the state of vapor, or

by digestion with the charcoal, and filtration at

the ordinary temperature of the air
;

rectification at

boiling temperature over charcoal is altogether un-

suitable, owing to the fact that the fusel oil absorbed

bv the charcoal is as;ain readilv dissolved at that

temperature. As charcoal attracts moisture from

the air and absorbs gases and vapors, losing thereby

its absorbing power for other substances, it is

necessary to heat it thoroughly before use and

employ it as soon as possible. For rectifying pur-

poses it is granulated and passed through a sieve

to remove adhering dust. Charcoal acts the more

vigorously in absorbing fusel oil from alcoholic

liquids, the less their percentage of alcohol. By

treating charcoal, which has absorbed fusel oil from

weak spirit, with strong alcohol free from fusel oil,
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it yields fusel oil to the latter. Hence it follows

that strong spirit must be diluted before treating

with charcoal ; it is generally reduced to about 60

per cent. Tr. by adding water.

Since charcoal which has absorbed fusel oil from

spirit at an ordinary temperature yields up a por-

tion of the fusel oil, when distilled with alcohol, the

distillate being the more empyreumatic the weaker

it is, and yields up all the fusel oil when heated

more strongly, for instance, in superheated steam,

it follows that an ordinary temperature is best for

freeing spirit from fusel oil by means of charcoal,

and that the latter can be revivified by strong

heating.

The oldest method of using charcoal is to bring

it into direct contact with the spirit for 48 hours,

and then draw off the spirit. As the charcoal re-

tains a considerable quantity of spirit, it is collected

in a barrel, some water is added and the alcohol

distilled off. As the charcoal cannot be reused for

rectifying purposes, this method is unsuitable for

large establishments.

The method most in use at the present time is to

filter the spirit through charcoal. The charcoal is

distributed through a number of casks placed so

that the spirit can run evenly through the charcoal

and other material. In purifying raw whiskey

and water care should' be taken to properly mix

them, as otherwise the water would pass through

first, from the fact of the high wines containing

such a quantity of oil as to render them much
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lighter than the water, so that, unless thoroughly

mixed, they would remain on top.

Any number of casks may be used ; each one

must have a double bottom, the false one being

perforated with conical or round holes about one-

half inch in diameter, and placed a few inches above

the true. Upon this perforated bottom, a layer of

clean chopped straw or cleanly carded cotton, or a

woollen blanket is laid, and upon this a stratum of

clean gravel the size of large peas; on the gravel

place 6 inches of coal, then one-half peck of barley

malt, then rill up within one and a half feet of the

top with coal ; then a woollen blanket covered with

another layer of gravel; then fill up within eight

inches of the top with coal. The rectifier may thus

have any number of casks, the contents of all pass-

ing by a tin tube furnished with funnels into one

common receiver.

The better plan is to have two series of casks,

one above the other, a mixer placed over the upper

series of casks, the raw spirit passing slowly by

means of a faucet and pipes into the upper series

of casks
;

passing from the upper series through

faucets into the lower series and through this into

a common receiver; the whole to be so regulated

as to run slowly and evenly through the rectifiers,

passing into the receiver in the same volume as out

of the mixer
;
by so doing the coal remains good

for a long time, saving both trouble and expense.

When two series of casks or rectifiers are used,

the upper rectifiers may be filled entirely with coal
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(after having placed a woollen blanket over the per-

forated bottom, and a layer of pebbles or gravel) to

within ten inches of the top. All the casks are to

be closely covered, thereby preventing evaporation.

The coal from the top of the lower rectifiers may
be removed to the depth of eight inches every six

months, and the top of the upper rectifiers once

every three months, and replaced by fresh coal, the

upper rectifiers requiring more frequent renewals,

owing to the larger accumulation of impurities.

Always use the best coal the market affords.

When spirits are very crude or impure, it has been

found necessary to pass them through six or eight

successive series of rectifiers before they were de-

prived of their rank flavor.

In the accompanjnng illustrations (Figs. 25, 26,

and 27), we give a representation of Blumenthal's

apparatus for freeing spirit from fusel oil. It con-

sists of two cylindrical vessels, A A\ communicating

with each other, the reservoir, B, and the box, G.

The latter contains a regulator which is connected

by a a
f a" with a contrivance in the reservoir. The

pipe, c, connects the regulating box, (7, with the

spaces in the vessels, A A. It conducts the spirit

to be purified into a contrivance, which carries it,

divided into a fine stream, to the charcoal, d d
conducts the purified spirit to the receiver. The
exhausted coal is removed through the apertures ee f

.

The vessels A A f are constructed of wood or sheet-

iron.

21*
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Fig. 25.

The apparatus can be constructed on a large or

small scale, so as to be adapted to every distillery.
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Fig. 26.

Another advantage is that the capacity can be

limited, or increased according to desire, so that a
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medium -sized apparatus will yield 8000 quarts in

24 hours, or, according to circumstances, only 100

quarts.

Fig. 27.

According to another method of using charcoal

for removing fusel oil, the spirit, in the form of

vapor, is conducted through a copper cylinder, fit-

ted at top and bottom with a perforated plate or

disk. ; this cylinder is filled with granulated char-

coal, and connected with the distilling apparatus
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between the dephlegmator and rectifieator in such

a manner that the vapors pass through the char-

coal. To 100 liters (26.4 gallons) of spirit 3 to 5

liters (6.33 to 10.5.6 pints) of granulated charcoal

are generally required. FalkmamVs apparatus con-

sists of a helm-shaped vessel, in which four perfor-

ated diaphragms are placed; upon each diaphragm

comes a layer of charcoal surmounted with a cover.

The apparatus is closed with a hollow cover con-

taining a layer of charcoal. The vessel is sur-

rounded by a cooling apparatus, in order to regu-

late the temperature of the layers of charcoal.

A patent for the purification of spirit has been

allowed to J. E. Berlien in Germany. The object

of this new method is to effect the purification of

raw spirit in a more simple and more efficacious

manner than is possible with those in general use.

The process consists in adding to the raw spirits

nitrate of silver in the proportion of 20 to 50

grammes (0.705 to 1.76 oz.) to 10,000 liters

(2641.25 gallons) of raw spirit. For practical use,

it is best to prepare a solution of 10 parts of nitrate

of silver and 100 parts of water. After adding the

required solution of nitrate of silver, the raw spirit

is converted into spirit of high degree in the usual

distilling apparatus. The spirit refined in this

manner is odorless to a degree not reached by any

other means.

Kletzinsky has highly recommended soap as a

means of removing fusel oil. He found that a
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solution of soap, prepared with spirit containing

fusel oil, which was to be used for the manufacture

of transparent soap, yielded on distillation a distil-

late free from fusel oil, while the remaining residue

of soap showed a strong odor of fusel oil.

From these observations accidentally made, Klet-

zinsky drew the following inferences:

—

1. That by distillation with soap every variety

of spirit, whiskey, or low wine can be obtained ab-

solutely free from fusel oil.

2. That the fusel oil retained by the soap can be

distilled off at a high temperature, and the soap can

be re-used for rectifying purposes.

3. The percentage of alcohol in the distillate puri-

fied with soap is higher than in that rectified

without soap, since the soap retains water.

4. 4 lbs. of soap are sufficient to remove the fusel

oil from about 50 quarts of low wine. Under the

most favorable circumstances, the soap will fix and

retain 20 per cent, of fusel oil.

5. The soap to be used should be hard soda soap,

free from volatile sebacic acids.

Chloride of lime -in connection with charcoal is

frequently used in German distilleries. The chlo-

ride of lime is stirred to a homogeneous fluid with

cold water, and the mixture added to the spirit.

After some time the supernatant clear liquid is

drawn off and rectified, or the whole is put into the

still.

In distilleries using caustic potassa for removing
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the fusel oil from crude proof spirit, the proportion

is about 2 kilogr. (4.4 lbs.) of caustic potassa and

2 kilogr. (4.4 lbs.) of pearl ash to 2750 liters

(726.34 gallons).

When the distiller finds that an unusual quantity

of fusel oil is present, the proportion of the salts is

increased, and sulphuric acid is added, in order to im •

prove the flavor of the spirit by giving rise to an

ether. The salts are dissolved in about 8 liters (2.11

gallons) of liquid, and the sedimentary impurities re-

moved by nitration. The solution is then mixed

with the crude spirits, and distillation commenced.

If the common still be employed, great attention

must be paid to the fire, for if it be not slackened

when the liquid first boils, there is much risk of the

still running foul, as the boiling over through the

neck of the still is called.

In rectifying faints, 80 underproof the following

method is used : The spirit is mixed with the

proper quantity of alkali, and the stills charged

;

the first portions that come over are collected sepa-

rately till the spirit runs at about proof, when it is

turned off into another receiver; the result of this

operation, the comrnon still being used, will be

about 10 per cent, over proof. On rectifying a

second time, the distillate at first marks 43 per

cent., and is collected till it indicates 30 ; it is then

conducted into another receiver until reduced to 10

per cent, over proof, and the residual portion, after

this strength, is received in the faints back. A



252 DISTILLATION AND RECTIFICATION OF ALCOHOL

third rectification will give a spirit of 53 per cent,

over proof. In the second rectification, only one-

half the quantity of salts employed in the first ope-

ration is made use of; and in the third it is

customary to add about 2 kilogr. (4.4 lbs.) of animal

charcoal and 5 kilogr, (1,1 lbs.) of coarse-grained

common salt to every 400 liters (105.65 gallons) to

cleanse the still.

A peculiar method for a partial purification of

alcohol, which has been highly recommended, has

recently been published by Beaurepaire. It is used
* in combination with the ordinary method of recti-

fixation by evaporation, and, it is claimed, increases

. the result considerably.

The process consists in a vigorous airing of the

low wine to be purified at a temperature near the

boiling point. The current of air, in passing

through, removes the larger part of the foreign

volatile constituents.

Fig. 28 represents the airing apparatus in con-

nection with the rectification.

A is the receiver for the low wine to be aired,

which is heated by means of the alcoholic vapors

from the column, £T
?
condensing in the coil, c c c.

A pump, P, forces the air through a suitably

perforated coil on the bottom of A
;
this air is loaded

with the oils volatilizing at 70° C. (158° F.) and

passes with the vapors escaping at the same time

into the vessel, whence the less volatile alcohol

runs back into A
)

while the more volatile oils con-
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dense mostly in C
;

in E the gases separate and

pass out through water in F
)
while the strongly

smelling liquid is discharged through D.

To regulate the temperature in A, an open steam

pipe is provided ; when the airing is interrupted

there, the discharge of the oils at I) ceases imme-
diately.

Fig. 28.

The following parts of the apparatus deserve

special mention :—
Cr, cooler for the alcoholic vapors not condensed

in A
;

o
)
c

)
K, K, discharge pipes.

H, evaporating boiler (Champonnois's system).

a a a, cold water pipe.

22
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r, regulating cock for the precipitation in B.

/, pipe for filling the still with aired low wine.

A, heating coal.

m, pipe for conducting the low wine to A.

n, gauge glass.

5, thermometer.

It is claimed that eight- tenths of the volatile oils

are removed by means of this apparatus, and hence

more pure alcohol is obtained in rectification than

without airing.

IX.

PREPARATION OF LIQUORS.

A large part of the alcoholic distillates of 80 to

82 per cent, is immediately used for the production

of liquor by reducing them to a proper strength by

an addition of water, and adding sometimes aroma-

tic, bitter, and other substances.

As the fusel oil and other impurities adhering to

the raw spirit are not removed, the product can

only be very impure liquors, tasting strongly of

fusel oil.

Liquors of a better quality, and almost entirely

pure, can be prepared by mixing spirit of 90 to 94

per cent. with, water. Besides this method—dilu-

ting spirit of different strength, and origin with

water—there is another one which consists in ob-
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taming the liquor of the required strength (40 to

50 per cent.) from mashes especially prepared and

fermented for the purpose. This manner of pro-

ducing liquors is in use in all countries, but varies

according to the raw material and the flavor of the

product, and the latter being regulated by the taste

of the consumer, it is absolutely necessary that the

liquor, to insure its sale, should always have the

flavor wlvch is desired by the public. This is the

reason why the method of manufacturing liquors

varies so much in different regions, and why distil-

lers are apt to retain antiquated processes, and scorn

improvements, in order to retain a certain flavor for

their product.

1. Coynac, or Brandy.

In Southern France, where the distillation of wine

is carried on on a large scale, most distilleries use

Derosne's continuously working apparatus. But

many of the smaller distilleries, which have a spe-

cial reputation for the quality of their product, work

with the simple still heated by steam, or in a water

bath, as they claim that the use of Derosne's or any

other apparatus is injurious to the flavor of the

cognac, and deprives it of its fine aroma.

After the wine has been brought to the boiling;

point, it yields first a weak, turbid distillate, vary-

ing in flavor and aroma according to the nature of

the wine used. But soon the liquor runs clear, and

if the distillate is collected until it is no longer in-
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flammable, the entire mixture is known as ordinary

cognac.

This method is used by many distillers. But if

a product of a finer quality is to be produced, the

after run is collected bv itself and distilled into

spirit, or added to the succeeding distilling opera-

tion. The first run, which contains the aromatic

taste and the finest flavor, is seldom separated. In

order to lose nothing of the aroma, the wine is dis-

tilled but once, and in a simple still which is heated

so slowly that only a weak uniform stream of cog-

nac runs off. The after- run, which is separated,

amounts to one-fifth or one-sixth of the whole. If

the still has not been used for some time, the first

run must be rejected, on account of a metallic taste.

More or less spoiled wines give only two-thirds to

three-quarters of a good product of varying qual-

ity
;

fore-run and after-run must be re-distilled,

and they give even then only a poor product.

To the Montpellier and other cognacs, some burnt

sugar is sometimes added, in order to give them the

required color, which otherwise they only acquire

by long storing in wood ; the proportion is 1 to 2

grammes (15.43 to 30.86 grains) to the liter (2.113

pints).

Other ingredients are added to age the cognac,

and also to disguise the peculiar taste derived from

the origin of the wine from which it has been

prepared.

To Imitate Armaynac coynac, add to 1 hectoliter
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(26.4 gallons) of spirit, besides the necessary

water :—
Infusion of nut shells, 1 liter (2.11 pints).

Infusion of bitter almond shells, 2 liters (4.22

pints).

Glucose, 3 liters (6.33 pints).

The following mixture is also used to prepare

1 hectolitre (26.41 gallons) of Armagnac :—
Eectified spirit of 85 per cent., 56 liters (14.79

gallons).

Ordinary ruin, 2 liters (4.22 pints).

Water, 40 liters (8.56 gallons).

Glucose of 36° B. 2 liters (4.22 pints).

Dried liquorice root, 500 grammes (17.63 ozs.)

Black tea, 60 grammes (2.11 ozs.)

Cream of tartar, 2 grammes (30.86 grains).

Boracic acid, 1 gramme (15.43 grains).

The liquorice root is ground and boiled with half

the quantity of water, the tea is drawn with 10

liters (2.64 gallons)'of boiling water in a closed ves-

sel, and the boracic acid dissolved in 2 liters (4.22

pints) of hot water. When all is cool, mix the

alcohol, rum, glucose, and enough water to make
100 liters (26.41 gallons). The extracts are passed,

before use, through a hair sieve, and the entire

mixture is colored with burnt sugar.

Rochelle brandy is imitated, according to an Eng-

lish receipt, as follows : To 20 gallons of pure proof

spirit add 2 gallons of Eochelle brandy, 4 pounds
22*
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of raisins, 4 ozs. of tincture of kino, 1 pint of syrup,

and 1 oz. of acetic ether.

Color with sugar color, and allow it to stand ten

days, though it may be used sooner.

There are a number of other methods for imi-

tating brandy, but we would mention that in many
parts of France the spirit is not mixed with pure

water, but with great success, and in a manner

which can be highly recommended, with a special

water, prepared as follows :—

-

Collect rain water, allow it to settle and draw the

supernatant clear water into barrels, and add 10 to

12 per cent, of whiskey of 58 per cent., or spirit

of 85 per cent., to prevent spoiling. In the course

of six to eight months or more, this water is espe-

cially adapted for diluting spirit, to- which it im-

parts a peculiarly mellow taste.

The following method of preparing the ivater is

also recommended: Put in an empty barrel, from

which the head has been removed, 10 kilogr. (22

lbs.) of shavings and sawdust of white oak for every

hectoliter (26.4 gallons) capacity, and then fill the

barrel with water. After six to eight days draw

off' the water, which is thrown away, and re-fill the

barrel with rain water, mixed with spirit in the

proportion of 10 of water to 1 of spirit. After

some time, the water acquires a color and taste,

which it imparts to spirit mixed with it, and gives

it that excellent taste known as rancio.
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2. Gin or Geneva

Is a kind of ardent spirits manufactured in Hol-

land, therefore called Hollands gin, to distinguish

it from the gin manufactured in England
;
and both

the Hollands and British gin differ entirely from

the article generally sold by dealers under the name

of gin or Hollands gin, the latter being generally

nothing but pure spirits, flavored with juniper, tur-

pentine, and small quantities of some of the aro-

matics, etc.

The. peculiar and excellent flavor of Hollands gin

depends on the particular mode of its manufacture,

and not, as many suppose, on the large or small

quantity of juniper berries employed, its flavor dif-

fering materially from the flavor extracted from

juniper. A large majority of the Dutch distillers

combine a little Strasburg turpentine and a small

quantity of hops with the juniper berries before

rectification, the fine aroma which distinguishes the

best gin being partly due to the turpentine employed.

The materials employed in the distilleries of

Schiedam are, two parts of unmalted rye. The

mash vat, which serves also as the fermenting vat,

has a capacity of about 700 gallons, being about 5

feet in diameter at the mouth, rather narrower at

the bottom, and feet deep; the stirring appara-

tus is an oblong rectangular iron grid made fast to

a wooden pole. About a barrel (36 gallons) of

water of a temperature of from 72° to 76° C.
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(161.6° to 168.8° F.) is put into the mash vat for

every 1J cwt. of meal, after which the malt is in-

troduced and stirred, and lastly the rye is added.

Powerful agitation is given to the mixture till it

becomes quite uniform. The mouth of the vat is then

covered over with canvas, and further secured with

a close wooden lid to confine the heat. It is left in

this state for two hours. The contents being then

stirred up once more, the clear spent wash of a pre-

ceding distillation is first added, and next, as much

cold water as will reduce the temperature of the

whole to 30° 0. (86° F.). A pound of the best

Flanders yeast is then introduced for every 100 gal-

lons of the mashed material. The gravity of the

fresh mash is generally from 33 to 38 lbs. per Dycas's

hydrometer ; and the fermentation is carried on

from 48 to 60 hours, at the end of which time the

attenuation is from seven to four pounds, that is,

the specific gravity of the Supernatant wash is from

1.007 to 1.004.

The distillers are induced, by the scarcity of

brewer's yeast in Holland, to skim off' a quantity

of the yeast from the fermenting vats, and to sell

it to the bakers, whereby they obstruct materially

the production of spirit, though they probably im-

prove its quality by preventing its impregnation

with yeasty particles.

On the third day after the fermenting vat is set,

the wash containing the grains is transferred to the

still, and converted into low wines. To every 100
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gallons of this liquor, 2 pounds of juniper berries,

from three to five years old, are added, along

with about | lb. of salt; the whole is put into

the low wine-still, and the fine Hollands spirits is

drawn off by a gentle and well- regulated heat till

the mixture becomes exhausted, the first and the

last products being mixed together, whereby a

spirit is obtained which possesses the peculiarly

fine aroma of gin.

Gin has thus far proved more difficult to imitate

than any 'of the other liquors, it being almost

impossible to impart the exact flavor of true Hol-

lands gin to any of its imitations.

We give in the following a few

Receipts for the Imitation of Gin, the products of

which have, by good judges, been pronounced

genuine articles.

1. To 20 gallons of pure spirit add 5 gallons of

the variety of gin to be 'imitated
;
then take 1 lb.

juniper berries, 2 drachms caraway seed, J oz.

spirits of nitre, and 1 drachm of pure oil of turpen-

tine. Digest for 8 days. in 1 gallon of strong alco-

hol, agitating occasionally
;

filter through paper,

add the liquor slowTly to the spirit and gin, and

mix thoroughly, adding 1 pint of simple syrup, or

more if required.

2. To 20 gallons of pure spirit add, 2 drachms

of oil of juniper, 1 drachm of pure oil of turpentine,

and 20 drops of oil of caraway, all previously dis-

solved in 1 quart of strong alcohol; J ounce of citric
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acid dissolved in sufficient water, and 1J pints of

simple syrup. Mix thoroughly and let stand two

days.

3. To 20 gallons of pure spirit add, 1J pints of

simple syrup, | oz. of acetic acid, J pint of lemon

juice. Then take lbs. of juniper berries, 1

drachm of pure turpentine, and 2 drachms of fennel

seed. Digest 8 days. Filter and add to the pare

spirit. Mix and agitate for 5 minutes.

3. Whiskey

Is the name of the spirituous liquor manufactured

by our distillers, and corresponds to the eau de vie

of the French and the Branntwein of the Germans.

The product obtained from the distillation of fer-

mented wort is most esteemed. Barley, rye, and

corn are the species of grain most commonly

employed in this country for making whiskey.

Barley is mostly taken, either partly or altogether

in the malted state, while the other grains are not

malted, but merely mixed with a certain propor-

tion of barley malt to- flavor the saccharine fermen-

tation in the mashing.

Fine imitations of Scotch, Irish, and other whis-

keys may be made by the following receipts:

—

Scotch whiskey.—To 20 gallons of proof spirit

add 4 gallons of Scotch whiskey, 30 drops of crea-

sote dissolved in 1 pint of alcohol, J oz. of acetic acid,

and 1 pint of simple syrup. Agitate thoroughly.

It is at once fit for use, but the longer it stands the

better, as age improves it,
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Irish whiskey.—To 20 gallons of pure proof spirit

add 4 gallons of Irish whiskey, 50 drops of creasote

dissolved in 1 pint of alcohol, J oz. each of acetic

acid and acetic ether, and 1 pint of simple syrup.

Mix thoroughly.

Old Bourbon whiskey.—To 20 gallons of pure

proof spirit add 3 gallons of Bourbon whiskey, 1

pint of simple syrup, 1 oz. of fusel oil (from corn)

dissolved in alcohol, 1 oz. of tincture of cloves.

Agitate thoroughly and color if required.

Monongahela whiskey.—To 20 gallons of pure

proof spirit add '\ lb. of roasted barley, roasted and

ground coarse like coffee, \ oz. sweet spirit of

nitre, 3 lbs. of dried peaches, 3 lbs. of sugar, 2 ozs.

of allspice, and 1 oz. of cinnamon. Let it stand six

days, agitate occasionally
;
draw off, and strain if

necessary.

Apple whiskey.—To 20 gallons of pure spirit

acid, 3 gallons of good old apple whiskey, 1J pints

of syrup, and the juice of 2 pineapples. Mix
thoroughly.

Fancy Brandies

are liquors made by uniting with pure spirit some

aromatic, acidulous, or other ingredient, combined

with a certain proportion of sugar or syrup, the

peculiar taste or fragrance of which is imparted to

the liquor; from which circumstance the different

fancy brandies derive their names. The following

receipts will be found excellent. Some consumers

prefer the brandies well sweetened; The maker can.
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at his own pleasure, add a large or small quantity of

sugar or simple syrup
; the other ingredients should

be added according to the directions given, and care

taken that the whole be thoroughly incorporated so

as to insure a fine, clear, transparent brandy.

Blackberry brandy.—To 20 gallons of pure spirit

add 6 gallons of blackberries, 8 gallons of water,

12 lbs. of loaf sugar, \ oz. of unground cloves, and

1 oz. of unground cinnamon. Let it stand 20 days,

draw off, strain and fine, if necessary.

Raspberry brandy.—Pour 20 gallons of pure proof

spirit over 25 quarts of raspberries, add 4 gallons

of water, 12 lbs. of loaf sugar, 1 oz. of unground

cloves, and 1 oz. of unground cinnamon. Proceed

according to the directions given for blackberry

brandy.

Cherry brandy.— Pour 20 gallons of pure proof

spirit over 25 quarts of bruised wild cherries.

Let it stand 6 days, strain, and add 12 lbs. of loaf

sugar. Let it stand 8 days, draw off and fine, if

necessary.

Peach brandy.—Mix 20 gallons of pure proof

spirit with 6 gallons of good peach brandy, 4 lbs.

of loaf sugar, § drachm of essential oil of bitter

almonds dissolved in alcohol, and J pint of orange

flower water. Color, and let it stand for 6 days,

when it is ready for use.

Rose brandy.—Add 5 gallons of water, 20 lbs. of

sugar, 30 drops of oil of roses dissolved in 1 pint

of alcohol, and J oz. of tartaric acid to 20 gallons of
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pure proof spirit. Color with red sanders or tinc-

ture of rhatany. Let it stand 5 days, and it is

ready for use.

Lemon brandy.—Pour 20 gallons of pure proof

spirit over 20 sliced lemons, 16 lbs. of sugar, \ lb.

of lemon peel and \ oz. of crushed nutmeg. Let it

stand, and draw off.

Orange brandy.—Add 25 sliced oranges, 15 lbs. of

loaf sugar and 1 quart of good brandy to 20 gallons

of pure proof spirit. Let- it stand 14 days and

draw off.

Pineapple brandy.—To 20 gallons of pure proof

spirit add 10 pineapples sliced, 14 lbs. of loaf sugar,

2 quarts of good brandy and 1 oz. of tincture of

saffron. Let it stand 10 days ; then draw it off

ready for use.

Lavender brandy.—Dissolve 2 drachms of oil of

lavender in strong alcohol for 12 hours, then add it

and 6 gallons of pure water, 1 oz. of tincture of cinna-

mon and 1 gallon of simple syrup to 20 gallons of

pure proof spirit. Color with caramel, adding more

lavender or syrup, if more flavor or sweetness is

required.

Absinthe forms a considerable article of commerce

and consumption, especially in France, where large

quantities of it are manufactured in Pontarlier,

Montpellier, and Lyons. In consequence of the

presence of a large quantity of volatile oils (espe-

cially oil of anise and fennel), absinthe, when mixed

with water
j
gives a milk-white liquid which is con-

23
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sidered a proof of its good quality. It should have

a mellow, agreeable, aromatic, and somewhat sweet-

ish taste.

The following receipts are, according to Duplais,

used for its manufacture on a large scale, the pro-

portions being calculated for 100 liters (26.41 gal-

lons) of liquor ready for use.

1. Large wormwrood, dried and cleansed, 2.5 kilogr.

(5.5 lbs.), green anise 5 kilogr. (11 lbs.), Florence

fennel 5 kilogr. (11 lbs.), spirits of 85 per cent. 95

liters (25. 09 gallons).

Macerate the vegetable substances in a water-

bath at least 12 hours, then add 45 liters (11.88 gal-

lons) of water and distil off 95 liters (25.09 gallons).

(For apparatus used see Fig. 29.)

The absinthe has now to be colored green.

This is effected with : Small wormwood dried and

cleansed 1 kilogr. (2.2 lbs.), dried spikes and blos-

soms of hyssop 1 kilogr. (2.2 lbs.), balm of Gilead,

dried and cleansed, 0.5 kilogr. (1.1 lb.), and aromatic

distillate (see above) 40 liters (10.56 gallons).

The wormwood is cut and the other herbs pounded
in a mortar, and the whole slowly heated until the

heat in the helmet of the apparatus indicates that

the liquid has commenced to boil, when the fire is

quickly extinguished. Before taking the mixture

from the still, it is allowed to cool off entirely
;

it

is then strained through a hair sieve and the re-

maining 55 liters (14.52 gallons) of distillate are
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added. It is finally brought to 100 liters (26.41

gallons) of 74 per cent, by the addition of 5 liters

(1.32 gallons) of water.

Of the other mixtures used for the same purpose,

we will only mention that employed in Montpellier.

The manner of preparing the liquor is the same as

above.

2. Large wormwood, dried, 2.5 kilogr. (5.5 lbs.),

green anise 6 kilogr. (13.2 lbs.), Florence fennel

4 kilogr. (8.8 lbs.), coriander seed 1 kilogr. (2.2 lbs.),

angelica seed 0.5 kilogr. (1.1 lb.), and spirits of 85

per cent. 95 liters (25.09 gallons).

For coloring green: hyssop 750 grammes (26.45

ozs.), dry Moldavian balm 750 grammes (25.25 ozs.),

and small wormwood 1 kilogr. (2.2 lbs.).

For all preparations we would remark that ab-

sinthe acquires its mellow taste only by storing, and

that the vegetable substances, especially those used

for coloring, mast be very carefully selected, and

freed from green and black leaves. By cleansing is

understood that only the spikes of the plants are to

be taken. Distillation should never be carried on

to the end, as the taste of the liquor would be too

strong, and less fine.

The distillation of absinthe is effected in a still,

with a very flat helmet in a water or steam bath.

The volatile oils passing over with the low wine

are of great value for the succeeding 'operations.

The coloring requires great care. The residue can

be used for coloring a portion of the absinthe, and
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is then redistilled, in order to regain the residue of

spirit.

Fig. 29 represents the apparatus used for distil-

ling absinthe. It consists of the following parts

:

A, a still covered with wood, which serves as a

water-bath for the interior still, in which the herbs

and liquid to be distilled are placed. B
1
cover of

the still with aperture, C, for filling and emptying,

and, (7, for removing the plants after distillation.

1), the helmet with the pipe, D r

;
E, cooler, with

Fig. 29.

discharge, aperture, W
;

.F] coloring boiler with

the necessary apertures and covers
; G G/ pump

;

H I J K, motive parts of the pump
;

Z, metal

receiver set in the floor
;

if, suction-pipe of the

pump
;
iV, cock

;
Nf

TP, suction-pipe from the color-
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ing boiler; 0, delivery pipe; P, three-way cock

with pipe, P', to the coloring boiler and pipe, P"
to the still

;
R P, cock and pipe to the barrel; JS,

discharge pipe to the receiver; T
)
principal steam

pipe from the boiler
;

£7, steam-cock of the still

;

V, steam -cock of the coloring boiler.

This apparatus performs the different operations

in an excellent manner by the use of one pump which
charges the still, A, with water, conducts the distil-

late into the coloring boiler, and the finished pro-

duct into the barrels. This is done in the following

manner :

—

Water and spirit, in a fixed proportion, are

brought into the receiver, Z, and the herbs into the

still through the upper aperture ; the conduit, M
GPP", is then opened, and the contents of L
pumped into A. After closing the conduit, steam
is introduced through £7, when the distillate, which
is now aromatized, but colorless spirit, runs off

through & This is now pumped from L through

M G P P f into the coloring boiler, P, which has

in the mean while been charged with herbs. When
the herbs are extracted, the colored liquor is

pumped out through N\ and conducted through R
into the barrels, where the final mixture takes

place.

23*
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X.

PREPARATION OF LIQUEURS OR CORDIALS.

Undek the general term u liqueurs or cordials/'

we class all the aromatic and sweet spirituous

beverages prepared from spirit or whiskey,

aromatic vegetable substances and sugar.

The number of liqueurs, which can be prepared,

is without limit, since not only every aromatic

vegetable substance can be used, but, by mixing

various proportions of several aromatic substances,

the number of every variety of liqueurs can be

increased at pleasure.

There may be several varieties of one kind of

liqueur according to the quantity of sugar used in

sweetening. The varieties containing most sugar,

which in consequence are the sweetest and most

thickly fluid, are called cremes, while the special

term liqueurs is applied to the less sweet, and that

of aqua vitse to the least sweet. The beverages

known as ratafias are prepared by mixing fruit

juices with spirit and sugar.

The good quality of the different kinds of

liqueurs depends on the purity of the sugar and

spirit, and the fineness of the aroma.

By the strength of liqueurs is understood the

percentage of alcohol they contain; As a rule the

percentage of alcohol must be the less the greater
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the amount of sugar, since the sugar, by withdraw-

ing water from the alcoholic fluid, renders the

taste of alcohol more perceptible. Hence crimes

with 440 to 350 grammes (15.52 to 12.34 ozs.) ot

sugar to the liter (2.11 pints) require only from 36

to 40 per cent. Tr. of alcohol, liqueurs with 330 to

175 grammes (11.64 to 6.17 ozs.) of sugar to the

liter (2.11 pints), should have from 40 to 43 per

cent. Tr. of alcohol, and aqua vita?, with 110 to

50 grammes (3.88 to 1.76 ozs.) of sugar to the

liter (2.11 pints), 45 to 49 per cent. Tr. of alcohol.

Generally speaking, the manufacture of liqueurs

is a very simple operation. The aroma of any
desired aromatic vegetable substance is incorpo-

rated with the sufficiently diluted alcoholic liquid,

and the required amount of sugar, which is gene-

rally dissolved in water.

Like in all other spirituous liquors, the fine

flavor, in which all the good qualities of the

various constituents are blended together, is only

acquired in liqueurs by long storing. To shorten

the time, the liqueurs are aged by a special treat-

ment, which consists in placing the newly-prepared

mixture in a large vessel in a still with water, and

after closing the helmet, gradually heating the

water. "When the helmet and neck of the still are

hot, the heating is quickly interrupted, and the

mixture allowed to cool before it is taken from the

still.

The apparatus represented in Fig. 30 is recom-
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mended by Duplais as practical and convenient.

A is the still or boiler, which sets in a furnace up

to the projecting rim, B. 0 G are handles for

removing the apparatus from the fire, and D the

aperture for the admission of water. F is the

vessel for the reception of the mixture to be

treated ; it is provided with the handles, G (r, and

two hoops, F F\ the lower one of which fits exactly

upon the corresponding one of the still, while the

upper, F'\ serves for the reception of the lid, H,

Fig. 30.

which is also provided with a hoop, /. The hoops,

/and F, are luted with a suitable cement.

Materials for the Preparation of Liqueurs, and

on the Manufacture of Liqueurs in General.—The
principal materials required are spirit or whiskey,

aromatic vegetable substances, or their aroma,
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essential oils, sugar, water for diluting the spirit,

and some coloring substances.

1. Spirit.

The spirit used in the preparation of liqueurs

must be free from all odor; the smallest quantity

of fusel oil would spoil the flavor. For strongly

flavored liqueurs requiring but a small quantity of

alcohol, spirit purified by charcoal in the cold way
will do, especially if the aromatizing is effected by

distillation. For ordinary and bitter aqua vitae

good raw spirit or whiskey is frequently used.

For colorless liqueurs to be prepared without dis-

tillation, very pure spirit, free from all color, is

absolutely necessary.

2. Aromatic Vegetable Substances, and their Uses.

The number of vegetable substances used for

aromatizing liqueurs is very large, all kinds of

herbs, seeds, roots, etc., excelling in an agreeable

taste and odor, contributing their quota to the

manufacture of liqueurs. Where the manufacturer

cannot gather the substances himself, he should be

careful to buy only the best materials and store

them in a dry room, using them, however, as soon

as possible, as they lose much of their flavor by

age.

The vegetable substances, according to their con-

stituents and the manner of using them, may be

divided into three classes, the first embracing all
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the substances employed on account of their per-

centage of essential oil, such as caraway seed, anise

seed, celery seed, coriander seed, juniper berries,

lemon peel, peppermint, orange blossoms, roses,

bitter almonds, etc.

The essential oils are generally extracted from

the flowers, fruit, leaves, or seeds, by distillation

with water, the portion of the plant being suspended

in the still by means of a bag or perforated vessel,

so that there may be no danger of its being scorched

by contact with the hot sides of the still, and con-

taminating the distillate with empyreumatic matters.

The water which distils over always holds some of

the essential oil in solution, and it is in this way
that the fragrant waters are obtained. When the

essential oil is present in large proportion, it collects

as a separate layer upon the. surface of the water,

from which it is easily decanted. The oil which is

dissolved in the water can be separated from it by

saturating the liquid with common salt, when the

oil rises to the surface, or by shaking it with ether

which dissolves the oil and separates from the

water, the ethereal solution floating upon its sur-

face, and leaving the oil when the ether is evapo-

rated.

The simplest manner of preparing liqueurs is to

use the essential oils of commerce, provided they are

pure, and the manufacturer should be particularly

careful to procure his supply from a reliable source,

as especially the more expensive kinds are fre-
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quently adulterated by the addition of oil of

turpentine, lavender oil, or lemon oil, whose smell

is masked by that of the genuine oils. Another
adulteration which, though it does not injure the

quality of the oil, makes it of less value, consists

in mixing the oil with spirit. It is readily recog-

nized by placing equal volumes of water and oil in

a small test-tube and shaking. After quieting, the

oil separates from the water, the volume of oil, in

case it is free from spirit, remaining as large as

before, while, if spirit is present, the volume of oil

decreases by the water withdrawing the spirit.

To the second class of vegetable substances used
in the preparation of liqueurs, Avhich embraces
such as contain bitter extractive substances besides

essential oils, belong orange peel, pomegranate seeds,

vanilla, cinnamon, cloves, calamus root, galanga,

wormwood, roasted coffee, etc. Some of these sub-

stances are rich in essential oil, while others con-

tain but a small quantity. If both the essential oil

and the extractive substances are to be incorporated

in the liqueur, alcohol of, at the utmost, 70 per

cent. Tr. is poured over the comminuted vegetable

substances, and the mass allowed to stand for some
time. Extraction is either effected at an ordinary

temperature or at a gentle heat. In the first case

the term maceration is applied to the operation, and
in the latter, digestion.

The alcohol dissolves, besides the essential oil,

all the resinous, bitter, and coloring substances



276 DISTILLATION AND RECTIFICATION OF ALCOHOL.

which render the tincture, as such extract is called,

more or less colored. The concentration of the

tincture depends on the quantity of alcohol used,

it being advisable to prepare a very concentrated

one, and in preparing liqueurs, adding a sufficient

quantity to the mixture of spirit and water, and

then sweetening.

Extraction is effected by pouring alcohol over a

measured or weighed quantity of vegetable sub-

stances suitably comminuted in a large glass bot-

tle, corking the latter tightly, and allowing it to

stand for some time with occasional shaking. After

pouring off the tincture, the residue is placed in a

clean linen bag and pressed out, the resulting

liquid being added to the rest. Filtering is not

necessary, as the tincture becomes clear by standing.

Tinctures obtained from vegetable substances of

the second class, which contain much bitter sub-

stance in proportion to essential oil, give an unplea-

sant taste to liqueurs prepared with them. To

produce aromatic and agreeable liqueurs with such

substances, a tincture is prepared from a small

quantity of them, and a distillate from a large

quantity and both tincture and distillate in due

proportion are used.

The third class of vegetable substances used in

the preparation of liqueurs, comprises such fresh

fruits as raspberries, cherries, strawberries, oranges,

pineapples, etc. The fruits are macerated, and the

juice obtained by pressing is mixed with a third or
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half of its quantity of alcohol, and allowed to stand.

The alcohol separates the slimy parts, leaving be-

hind a clear alcoholic liquid which^can be kept, and

is well adapted for the preparation of liqueurs.

3. Sweetening the Liqueurs.

It is best to use only crystallized sugar. For

sweetening ordinary liqueurs, it suffices to dissolve

the sugar in water, and add the solution to the mix-

ture, but for the finer varieties, it is absolutely

necessary to boil the sugar to a certain consistency

with water. The boiling of the sugar is effected in

the following manner. Generally an allowance of

0.25 liter (0.52 pint) of water is made for 500

grammes (1.1 lb.) of sugar. Place the sugar, broken

into small pieces, in a capacious boiler, and after

pouring the water over it, place the boiler over a

gentle fire, and when ebullition commences, add the

white of one egg, beaten to froth, to every 2 kilogr.

(4.4 lbs.) of sugar. The white of egg separates the

impurities, which on coming to the surface are re-

moved with a skimmer, this operation being con-

tinued until no more scum is formed, and the solu-

tion of sugar remains clear. After boiling for one

hour, the solution is of sufficient consistency to be

added to the liqueurs, though for the finest varie-

ties it is best to allow the sugar to boil somewhat

longer, until large bubbles are formed.

The consistency to which the sugar is to be boiled

depends on the purpose for which it is to be used.

24
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For ordinary purposes,' it is sufficient to boil the

sugar constantly for one hour over a steady, gentle

fire, while for the finest varieties, one and a half to

two hours will be required.

4. Preparation of Liqueurs.

The largest number of liqueurs are prepared cold,

i. <?., either by mixing an alcoholic solution of essen-

tial oil with warm aqueous solution of sugar, or by

adding to the mixture tinctures or essences, and

diluting the whole with the required quantity of

water. Every liqueur appearing turbid after mix-

ing, clarification becomes necessary, which is effected

for fine liqueurs by adding to every hectoliter (26.4

gallons) 25 grammes (0.88 ozs.) of gelatine dis-

solved- in 0.5 liter (1.05 pint) of water, and allow-

ing it to rest quietly. For other varieties it is

recommended to add, first, a solution of 12 grammes

(0.42 ozs.) of alum in 0.5 liter (1.05 pint) of water,

and then a solution of 3 grammes (46.29 grains) of

soda in 0.5 liter (1.05 pint) of water. Filtering is,

under all circumstances, preferable, the operation

being much accelerated by decreasing the pressure

of air. Fig. 31 represents an apparatus constructed

for the purpose. The liquid to be filtered is placed

in the vessel provided with a pump, and forced

into the other vessel. The filtering vessel is pro-

vided with a double perforated bottom upon which

are placed suitable pieces of felt, upon which lies

the fluid to be filtered. The space under the bot-
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torn is first freed from air, which facilitates the

passage of the liquid to be filtered. The apparatus

Fig. 31.

occupies but little space, and can be easily trans-

ported. Its capacity is considerable; 50 to 200

liters (13.2 to 52.7 gallons) can, according to the

size of the apparatus, be filtered in eight to ten

minutes.

5. Coloring the Liqueurs.

Liqueurs are generally colored after filtering^ the

coloring substances used in each case being given

with the annexed receipts. The colors generally

used are blue, brown, dark and pale yellow, green,

and red, and the corresponding intermediate shades.

A large number of liqueurs, such as anise, anisette,

bergamot, calamus, cummin, maraschino, etc., are

not colored.

Blue is used for vanilla and violet,
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Brown, for coffee liqueur, chocolate liqueur, cura-

coa and most bitters.

Dark yellow and orange, for bergamot, barbados,

pomegranate, muscatel, etc.

Pale yellow, for anise, lemon, fennel, persico,

orange, etc.

Green, for absinthe, peppermint, balm, etc.

Bed, for raspberry, strawberry, cherry, rose, etc.

The manner of coloring liqueurs is very simple.

All that is required is to add a sufficient quantity of

the respective coloring substance to obtain the de-

sired shade. For coloring large quantities, a mea-

sured or weighed sample is colored, and a note made
of the exact quantity of coloring substance used,

and from this the quantity required for the entire

lot is calculated.

The reddish-brown color generally given to bit-

ter liqueurs is produced with tincture of caramel

and cherry juice. It is best to add, according to

the shade to be produced, first of the one and then

of the other. If, for instance, a more brownish

shade is desired, the liqueur is first colored brown
and sufficient cherry juice is then added to produce

the desired shade, and vice versa.

To liqueurs to be colored pale yellow, pale red,

pale blue, etc., the coloring substance must be very

carefullv added, as a few drops of a concentrated

coloring tincture are frequently sufficient to make
the liqueur too dark. Care in coloring liqueurs

cannot be sufficiently dwelt upon, as, though it
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exerts no influence upon the quality, the appear-

ance of the liqueur is of great importance, and many
customers judge the quality from the color.

6. Storing Finished Liqueurs.

It is best to keep liqueurs in bottles well-corked.

Bottled liqueurs kept in a cool place gain in quality

by age, and their flavor becomes finer and more
agreeable, frequently reaching the highest degree

of perfection only after having been kept for a

number' of years. Such liqueurs, though they are

not often found in commerce, are highly valued,

and bring a very high price.

A principle requisite for keeping liqueurs in

bottles is to secure them with air-tight clean corks

and tinfoil caps. Wormy corks should be re-

jected. The use of sealing-wax cannot be recom-

mended, since in case the cork should not fit tightly,

the sealing-wax is dissolved by the alcohol in the

liqueur, imparting to the latter a disagreeable taste.

Storing liquors in barrels cannot be recommended,

as by long keeping they lose strength and aroma.

7. Substances for Coloring Liqueurs.

1. Bilberry juice is more used for coloring violet

than blue. It is produced by boiling ripe bilberries

with a small quantity of water for a short time, and

pressing after cooling. The juice is compounded
with I its volume of alcohol, and kept in well-

stoppered bottles.

2-1*
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2. Caramel tincture.—Boil in a copper or brass

pan at a moderate heat 1 kilogr. (2.2 lbs.) of sugar,

30 grammes (1.05 oz.) of crystallized soda and 0.5

liter (1.05 pint) of water, until the mass commences

to turn brown. A sample dropped upon paper

should not stick, but at the same time be of a suffi-

ciently dark color. When this has been effected

take the pan from the fire and compound the mix-

ture with 1 liter (2.11 pints) of water and 1 kilogr.

(2.2 lbs.) of alcohol of 90 per cent. Tr., allow the

whole to digest a few days, then filter and keep for

use.

3. Oah bark tincture.—Digest 1 kilogr. (2.2 lbs.)

of oak bark cut in small pieces in 3 kilogr. (6.6 lbs.)

of spirit of 90 per cent. Tr. for 8 days, and filter.

4. Yellow color.— a. Digest 31 grammes (1.09

ozs.) of genuine saffron in 2 liters (4.22 pints) of

alcohol for a few days, and filter.

b. Macerate 0.5. kilogr. (1.1 lb.) of comminuted

ginger in 2 kilogr. (4.4 lbs.) of alcohol, of 85 per

cent. Tr., for eight days, and then pour off the clear

liquid.

c. Pour 1 kilogr. (2.2 lbs.) of alcohol of 90 per

cent. Tr. over 240 grammes (8.46 ozs.) of turmeric,

coarsely powdered, digest for 8 days, then filter.

5. Green color.—a. Boil 2 parts of liquid wash

blue, and 1 part of turmeric with some alum, and

filter.

b. Dissolve 60 grammes (2.11 ozs.) of turmeric,

15 grammes (0.52 oz.) of wash blue and 15 grammes
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(0.52 oz.) of burnt alum in water, let the mixture

stand 4 to 5 days, and pour off the clear liquid.

6. Indigo tincture.— Comminute as much as

possible 1 part of best indigo. Place the powder
in a porcelain mortar, and pour 4 parts of nitric

acid over it. Mix the ingredients as intimately as

possible, and after allowing it to stand quietly for

two or three days, add, drop by drop, 12 parts of

water, constantly stirring the mixture with a glass

rod. Let it stand 2 to 3 hours, then add in small

portions 3 parts of fresh slacked lime, and the

same quantity of chalk, being careful not to add a

fresh portion until the effervescence produced by
the preceding one has subsided, which is promoted
by constant stirring. Finally add 6 parts of

alcohol of 90 per cent. Tr., and filter the liquid.

7. Purple color is produced with archil, water,

and some alum.

8. Red color.—a. Pour 250 grammes (8.81 ozs.)

of boiling water over 16 grammes (0.56 oz.) of

powdered cochineal, and filter. The color will be
more or less intense, according to the quality of

the cochineal.

b. Digest in a close vessel for 48 hours 31
grammes (1.09 oz.) of sanders wood in 2 liters

(4.22 pints) of alcohol of 34 per cent., and filter

the liquid.

Various kinds of fruit juices, such as cherry
juice, raspberry juice, etc., are frequently used for

coloring liqueurs red.
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9. Violet color.—Digest 80 grammes (1.05 oz.) of

powdered cochineal in 2 kilogr. (4.4 lbs.) of alcohol

for 4 to 6 days, then filter and add to the filtrate 5

grammes (0.17 oz.) of burnt alum and 10 grammes
(0.85 oz.) of spirit of sal ammoniac.

10. Aniline colors, when guaranteed as free from

poison, are preferable to all other colors for color-

ing liqueurs, but care must be had not to expose

the liqueurs to the sun, as these colors fade very

easily.

XL

RECEIPTS FOR LIQUEURS.

I. Ordinary Liqueurs.

Anise liqueur.—Dissolve 7.5 grammes (0.26 oz.)

of anise oil and 1.25 grammes (19.29 grains) of

badian oil in 6 liters (1.58 gallons) of alcohol of 90

per cent. Tr., compound with a solution of 8

kilogr. (6.6 lbs.) of sugar, in 7 kilogr. (15.4 lbs.)

of water, and filter through white blotting paper.

Anisette.—Dissolve 7.5 grammes (0.26 oz.) of

anise oil and 18 drops of oil of bitter almonds in

6 kilogr. (18.2 lbs.) of alcohol of 90 per cent. Tr.,

add a solution of 2.5 kilogr. (5.5 lbs.) of sugar in 6

liters (1.58 gallon) of water, and filter.

Orange liqueur.—Digest for 4 days 0.5 kilogr.
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(1.1 lb.) of comminuted fresh orange peel in 8

liters (2.11 gallons) of -spirit, and after clarification

add 12 kilogr. (26.4 lbs.) of fine sugar syrup, and
filter.

Angelica liqueur.—Digest in a warm place for

about 4 days, 240 grammes (8.46 ozs.) of lemon
peel, 150 grammes (5.29 ozs.) of pomegranate peel,

15 grammes (0.52 oz.) of mace, 10 grammes (0.35

oz.) of nutmeg, 65 grammes (2.29 ozs.) of cassia, 60

grammes (2.11 ozs.) of cloves, 80 grammes (1.05 oz.)

of orris root, 60 grammes (2.11 ozs.) of rosemary

leaves, 50 grammes (1.76 oz.) of lavender leaves,

65 grammes (2.29 ozs.) of orange blossoms, 10

grammes (0.35 oz.) of vanilla, and 65 grammes
(2.29 ozs.) of bruised juniper berries, in 19 liters (5

gallons) of alcohol, of 90 per cent. Tr., filter and
mix the filtrate with a solution of 12 kilogr. (26.4

lbs.) of sugar in 12.5 liters (3.3 gallons) of water.

Aqua blanca.—Dissolve 30 drops of oil of lemon,

27 of cedar-oil, 33 of oil of balm, 30 of oil of pep-

permint, 2.5 grammes (38.58 grains) of tincture of

vanilla, and '2 grammes (30.86 grains) of essence of

ambergris in 6 kilogr. (13.2 lbs., of alcohol of 90
per cent. Tr., add a solution of 3 kilogr. (6.6 lbs.)

of sugar in 6 liters (1.58 gallons) of water, and
filter.

Aromatic liqueur.—Compound 30 drops of oil of

lemon, 24 of oil of rosemary, 27 of lavender oil, 30
of oil of peppermint, 27 of oil of angelica, 27 of

oil of sweet marjoram, and 33 of oil cardamom with
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6 kilogr. (13.2 lbs.) of alcohol of 90 per cent. Tr.,

add 2.5 kilogr. (5.5 lbs.) of sugar dissolved in 6 liters

(1.58 gallons) of water, and filter.

Baldrian liqueur.—Dissolve 80 drops of oil of

valerian, 40 of oil of lemon, 20 of oil of angelica,

and 20 of oil of calamus in 5 kilogr. (11 lbs.) of

alcohol of 90 per cent. Tr., sweeten with 2.25

kilogr. (4.95 lbs.) of sugar dissolved in 5 liters

(1.32 gallons) of water, and filter.

Berlin bitters.—Dissolve 80 drops of juniper oil,

80 of oil of coriander, 40 of oil of angelica, 40 of

badian oil, and 44 of oil of ginger in 5.5 kilogr.

(12.1 lbs.) of alcohol of 80 per cent. Tr., add 6.5

liters' (1.71 gallons) of water and 0.5 kilogr. (1.1 lbs.)

of sugar, and filter. Color brown.

Bishop liqueur.—Digest for 6 to 8 days, 5 liters

(1.32 gallons) of cherry juice, 500 grammes (1.1 lbs.)

of pomegranates, 165 grammes (5.82 ozs.) of pome-

granate peel, 75 grammes (2.64 ozs.) of lemon peel,

90 grammes (3.17 ozs.) of cinnamon flowers and

100 grammes (3.52 ozs.) of cloves in 18 liters

(4.75 gallons) of alcohol of 90 per cen't. Tr., filter,

add 10 liters (2.64 gallons) of wine, and sweeten with

10 kilogr. (22 lbs.) of brown sugar, dissolved in 9

liters (2.38 gallons) of water.

Bitter Rossoli.—Digest 240 grammes (8.46. ozs.)

of pomegranates, 120 grammes (4.23 ozs.) of sandal

wood, and 1 kilogr. (2.2 lbs.) of pomegranate peel in

48 kilogr. (105.6 lbs.) of good rye whiskey, filter and
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sweeten with 1.5 kilogr. (3.3 lbs.) of sugar dissolved

in 0.5 liter (1.05 pint) of water.

Cardinal de Rome.—Dissolve 7.5 grammes (0.26

oz.) of oil of lemon, 4 grammes (0.14 oz.) of oil of

cloves, 40 drops of nutmeg oil, 20 drops of cinna-

mon oil, and 2.5 grammes (38.58 grains) of gray am-

bergris in 10 kilogr. (22 lbs.) of spirit of wine,

sweeten with a solution of 5 kilogr. (11 lbs.) of

sugar in 10 liters (2.64 gallons) of water, and filter.

Christofle.—-Dissolve 80 drops of oil of orange

peel, 60 of oil of lemon, 40 of oil of cinnamon, 40

of oil of balm, 32 of oil of cloves, and 24 of oil of

mace, in 6 kilogr. (13.2 lbs.) of alcohol of 90 per

cent. Tr. ; add a solution of 2.5 kilogr. (5.5 lbs.) of

sugar in 7 liters (1.85 gallons) of water, and filter.

Oitronelle.—Comminute 240 grammes (8.46 ozs.)

of lemon peel, 90 grammes (3.17 ozs.) of orange peel,

7.5 grammes (0.26 oz.) of nutmegs, and 5 grammes

(0.17 oz.) of cloves, digest the mass in 7 kilogr.

(15.4 lbs.) of alcohol of 90 per cent. Tr., press out,

filter, and add 3 kilogr. (6.6 lbs.) of sugar dissolved

in 7 liters (1.85 gallons) of water. Color yellow.

Curacoa.—Comminute 420 grammes (14.81 ozs.)

of fresh orange peel, 60 grammes (2.11 ozs.) of cin-

namon, and 7.5 grammes (0.26 ozs.) of nutmeg, pour

7 kilogr. (15.4 lbs.) of alcohol over the substances,

and let them digest for 8 to 10 days, and compound

the filtered liquid with a solution of 3 kilogr. (6.6

lbs.) of sugar in 7 liters (1.85 gallons) of water.
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French curacoa.—Dissolve 5 grammes (0.17 oz.)

of oil of orange peel, 20 drops of oil of cinnamon,

12 drops of oil of mace, 2 grammes (30.86 grains)

of tincture of vanilla, 2 grammes (30.86 grains) of

raspberry essence, and 120 grammes (4.23 ozs.) of

Jamaica rum in 6 kilogr. (13.2 lbs.) of alcohol of 90

per cent. Tr., and add a solution of 3 kilogr. (6.6

lbs.) of sugar in 7 liters (1.85 gallons) of water.

Eau Americaine.—Dissolve 3 grammes (46.29

grains) of oil of orange blossoms, 2 grammes (30.86

grains) each of oil of balm and oil of lemon, and

24 drops each of oil of cinnamon, oil of cloves, and

oil of mace in 6 kilogr. (13.2 lbs.) of alcohol of 90

per cent. Tr., sweeten with a solution of 2.75

kilogr. (6.05 lbs.) of sugar, in 7 liters (1.85 gallons)

of water, filter and color pale red.

Eau cPamour.-—Distil 375 grammes (13.22 ozs.)

of bitter almonds, 376 grammes (13.26 ozs.) of

fresh lemon peel, 186 grammes (6.56 ozs.) of cinna-

mon, 17 grammes (0.59 oz.) of cloves, 254 grammes

(8.96 ozs.) of lavender blossoms, 22 liters (5.81

gallons) of alcohol of 90 per cent. Tr., and 18

liters (4.75 gallons) of water. Add to the distillate

8 liters (2.11 gallons) of muscat wine, 30 drops of

essence of ambergris, 10 kilogr. (22 lbs.) of syrup,

and 7 liters (1.85 gallons) of water, color rose color,

and add some gold leaf.

Eau oVargent {silver water.) — Distil 500

grammes (1.1 lb.) of fresh lemon peel, 63 grammes

(2.22 ozs.) of cloves, 49 grammes (1.72 oz.) each of
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angelica seed and bad ian, 48 grammes (1.69 oz.) of

orris, 63 grammes (2.22 ozs.) of cinnamon, and 22

liters (5.81 gallons) of alcohol of 90 per cent. Tr.

Add to the distillate 2 liters (4.22 pints) of balm

water, and 12 kilogr. (26.4 lbs.) each of sugar

sjrrup and water, color red, and mix some silver

leaf rubbed fine with the liqueur.

Eau dCArdelle.—Distil 125 grammes (4.4 ozs.)

each of mace and cloves, 22 liters (5.81 gallons) of

alcohol of 90 per cent. Tr., and 18 liters (4.75 gal-

lons) of water. Add to the distillate 15 liters

(3.96 gallons) of syrup, and 13 liters (3.43 gallons)

of water. Color the liqueur violet, and filter.

Eau cordiale.—Dissolve 5 grammes (0.17 oz.) of

oil of lemon, 2 grammes (30.86 grains) of oil of

fennel, 1.33 gramme (20.52 grains) of oil of

cardamon, and 1 gramme (15.43 grains) each of

oil of cloves and coriander oil in 6 kilogr. (13.2 lbs.)

of alcohol of 90 per cent. Tr., add a solution of 3

kilogr. (6.6 lbs.) of sugar in 6 liters (1.58 gallons)

of water, and filter.

Eau d'absynth citronne—Distil 2 kilogr. (4.4

lbs.) of fresh wormwood leaves, grammes (0.705

oz.) of lemon peel, 22 liters (5.81 gallons) of alcohol

of 90 per cent. Tr., and 18 liters (4.75 gallons) of

water. Add to the distillate 4 grammes (0.14 oz.)

of oil of peppermint, 12 kilogr. (26.4 lbs.) of

syrup, and 15 liters (3.96 gallons) of water.

Eau de la Cote.—Comminute 180 grammes (6.34

ozs.) of cinnamon, and the peels of 6 fresh lemons,

• 25
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pour over them 11 liters (2.9 gallons) of spirit of

wine, and let the whole digest three or four days.

Then pour off the supernatant liquid, press out the

residue, and add to the liquid 60 drops of oil of

peppermint, 16 drops of oil of bergamot, 11 liters

(2.9 gallons) of water, and 4 kilogr. (8.8 lbs.) of

sugar, and filter.

Eau de Florence.—Distil 750 grammes (1.65 lb.)

of fresh lemon peel, 93 grammes (3.28 ozs.) of

cinnamon, 78 grammes (2.75 ozs.) of mace, 17

grammes (0.59 oz.) of cloves, 22 liters (5.81

gallons) of alcohol of 90 per cent. Tr., and 18 liters

(4.75 gallons) of water. Add to the distillate 63

grammes (2.22 ozs.) of oil of lemon, 2 liters (4.22

pints) of balm water, 12 liters (3.17 gallons) of

water, and 12 kilogr. (26.4 lbs.) of sugar syrup.

Eau de Cypre.—Distil 185 grammes (6.52 ozs.) of

orris, 1.86 grammes (6.56 ozs.) of lemon peel, 63

grammes (2.22 ozs.) of cinnamon, and 22 liters

(5.81 gallons) of alcohol of 90 per cent. Tr., and

add to the distillate 61 drops of essence of berga-

mot, 17 grammes (0.59 oz.) of essence of ambergris,

6 liters (1.58 gallon) of orange-blossom water, 8

liters (2.11 gallons) of water, and 12 kilogr. (26.4

lbs.) of sugar syrup.

Eau de mille fleurs—Dissolve 80 drops of oil of

bergamot, 48 drops of oil of orange blossoms, 40

drops of oil of balm, 24 drops each of oil of

lavender, oil of cinnamon, and oil of thyme, 16

drops of oil of cardamon, and 48 drops each of
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essence of rose and tincture of vanilla in 6 kilogr.

(13.2 lbs.) of alcohol of 90 per cent. Tr., sweeten with

a solution of 8 kilogr. (6.6 lbs.) of sugar in 7 liters

(1.85 gallons) of water, color pale green, and filter.

Eau nuptiale.—Distil 376 grammes (13.27 ozs.)

of bitter almonds, 378 grammes (13.33 ozs.) of

fresh lemon peel, 185 grammes (6.52 ozs.) of cinna-

mon, 32 grammes (1.12 oz.) of mace, 17 grammes

(0.59 oz.) of cloves, 254 grammes (8.96 ozs.) of

lavender blossoms, 22 liters. (5.81 gallons) of alcohol

of 90 per cent. Tr., and 18 liters (4.75 gallons) of

water. Add to the distillate 8 liters (2.11 gallons)

of Muscat wine, 37 drops of essence of ambergris,

10 kilogr. (22 lbs.) of syrup, 7 liters (1.85 gallons)

of water, and color rose color with an addition of

some fine gold leaf.

Eau de Napoleon.—Dissolve 80 drops of oil of

lemon, 60 of oil of cloves, 40 each of oil of bergamot

and oil of cinnamon, 32 of oil of mace, 12 of oil of

cardamon, 60 of tincture of vanilla, 48 of essence of

rose, and 40 of essence of bitter almonds in 6 kilogr/*

(13.2 lbs.) of spirit of 90 per cent. Tr., sweeten with

a solution of 3.25 kilogr. (7.15 lbs.) of sugar in 7

liters (1.85 gallon) of water, color blue
r
and filter.

Eau de Paradise.—Distil 1 kilogr. (2.2 lbs.) of

fresh lemon peel, 93 grammes (3.28 ozs.) of an-

gelica root, 62 grammes (2.18 ozs.) of orris root,

79 grammes (2.78 ozs.) of calamus, 79 grammes

(2.78 ozs.) of anise seed, 62 grammes (2.18 ozs.) of

* 1 kilogr. about — 1 liter = 2.118 pints.
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rosewood, 32 grammes (1.12 ozs.) of cardamon,

and 22 liters (5.81 gallons) of alcohol of 90 per cent.

Tr. Sweeten the distillate with 12 kilogr. (26.4 lbs.)

of sugar syrup dissolved in 14 liters (3.69 gallons)

of water, and color green with an addition of some

silver leaf rubbed line.

Eau royale.—Macerate 180 grammes (6.34 ozs.)

of orris root in 10 kilogr. (22 lbs.) of spirit of wine

for 10 to 12 days, pour off the supernatant liquid,

press out the residue and add to the liquid 60 drops

each of oil of cloves and oil of bergamot and 2.5

grammes (38.58 grains) of gray ambergris. Sweeten

with a solution of 4 kilogr. (8.8 lbs.) of sugar in 10

liters (2.64 gallons) of water and allow the liqueur

to stand for some time. Then pour off* the super-

natant clear liquid and filter the rest.

Eau stomachal.— Comminute 500 grammes (1.1

lb.) of pomegranate peel, 60 grammes (2.11 ozs.)

each of coriander and cinnamon, 45 grammes (1.58

oz.) of cloves, and 15 grammes (0.52 oz.) each of

mace and saffron. Pour 10 kilogr. (22 lbs.) of

spirit of wine over the ingredients and let them

digest from 10 to 15 days. Then pour off the

supernatant clear fluid and press out the residue.

Now pour 10 liters (2.64 gallons) of boiling water

over 4 handfuls of peppermint, drain the water off,

and dissolve in it 3 kilogr. (6.6 lbs.) of sugar, and

add this to the cold liqueur. Let it stand 3 to 4

weeks, then pour off the supernatant clear liqueur,

and filter the residue.
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English bitters.—Compound 80 drops of oil of

pomegranate peel, 60 of oil of angelica, 40 of oil of

wormwood, 24 of oil of marjoram, and 16 of oil of

eardamon with 6 kilogr. (13.2 lbs.) of alcohol of 90
per cent. Tr., and sweeten with 2.5 kilogr. (5.5 lbs.)

of sugar dissolved in 7 liters (1.85 gallon) of water.

Color brown and filter.

Golden water.—Dissolve 2 grammes (30.86 grains)

each of oil of lemon and orange peel, 40 drops each

of oil of cinnamon and oil of rosemary, 20 drops of

oil of eardamon and 24 drops each of oil of mace
and oil of cloves in 6 kilogr. (13.2 lbs.) of alcohol of

90 per cent. Tr., and sweeten with 2.75 kilogr.

(6.05 lbs.) of sugar dissolved in 7 liters (1.85 gal-

lons) of water. Then add 3 grammes (46.29 grains)

of essence of orange blossoms, filter and add some
gold leaf rubbed fine.

Greek bitters.—Dissolve 80 drops of oil of cinna-

mon, 48 of oil of wormwood, 40 each of oil of an-

gelica and oil of calamus, 24 each of oil of mace, oil

of cloves, and oil of bitter almonds, and 12 of oil of

eardamon in 6 kilogr. (13.2 lbs.) of alcohol of 90

per cent. Tr., sweeten with the syrup of 2.75 kilogr..

(6.05 lbs.) of sugar and 7 liters (1.85 gallons) of

water, filter and color reddish-brown.

Hamburg bitters.-—Dissolve 120 drops of oil of

cinnamon blossoms, 40 each of oil of cloves, oil of

calamus, and oil of wormwood, 24 of oil of mace,

and 20 of oil of eardamon in 6 kilogr. (13.2 lbs.) of

alcohol of 90 per cent. Tr., sweeten the solution
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with the syrup from 2.5 kilogr. (5.5 lbs.) of sugar

and 6 liters (1.58 gallon) of water, color brown and

filter.

Jesuit drops.—Digest in. a glass bottle for 8 days,

600 grammes (21.16 ozs.) of powdered guaiacum

resin, 450 grammes (15.87 ozs.) of sassafras wood in

small pieces, and 30 grammes (1.05 oz.) of black

Peruvian balsam in 3.25 kilogr. (7.15 lbs.) of spirit

of wine, strain through a cloth, and filter.

Cherry liqueur.—-Mix 6 kilogr. (13.2 lbs.) of fresh

cherry juice with 3 kilogr. (6.6 lbs.) of alcohol of

90 per cent. Tr., let the mixture digest 8 days,

then add 3.5 kilogr. (7.7 lbs.) of sugar, and filter.

Royal bitters.—Dissolve 80 drops of oil of lemon,

40 each of oil of balm and oil of sage, 60 of tincture

of vanilla, 40 each of oil of marjoram and oil of

wormwood, and 24 of oil of mace in 6 kilogr. (13.2

lbs.) of alcohol of 90 per cent. Tr., sweeten with the

syrup from 2.75 kilogr. (6.05 lbs.) of sugar and 7

liters (1.85 gallons) of water, color, and filter.

Crambambuli.—Compound 4 grammes (0.14 oz.)of

oil of cloves, 3 grammes (0.105 oz.) of oil of mace,

2 grammes (30.86 grains) of oil of cinnamon, and

1.33 grammes (20.52 grains) of oil of cardamon

with 7 kilogr. (15.4 lbs.) of alcohol of 90 per cent.

Tr., sweeten with the syrup from 2.5 kilogr. (5.5

lbs.) of sugar, and 6 liters (1.58 gallon) of water,

color, and filter.

Peppermint liqueur.—Dissolve 4 grammes (0.14

oz.) of oil of curled mint, 40 drops of oil of balm,

and 20 of oil of peppermint in 6 kilogr. (13.2 lbs.)
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of alcohol of 90 per cent, Tr., sweeten with the

syrup from 3 kilogr. (6.6 lbs.) of sugar, and 7 liters

(1.85 gallon) of water, color green, and filter.

Cumin liqueur {Kummet).—Dissolve 7.5 grammes

(0.26 oz.) of cumin oil and 15 grammes (0.52 oz.)

of anise oil in 7 kilgr. (15.4 lbs.) of alcohol of 90

per cent. Tr., sweeten with the syrup from 3 kilogr.

(6.6 lbs.) of sugar and 7 liters (1.85 gallon) of water,

and filter.

Lait de vieillesse.—Pour 12 liters (3.17 gallons) of

whiskey of 22 per cent, over 500 grammes (1.11b.)

of orange-blossom water, and 32 drops of Peruvian

balsam, and sweeten with 4 kilogr. (8.8 lbs.) of sugar

dissolved in 2 liters (4.22 pints) of water.

Stomach drops,—Comminute 15 grammes (0.52

oz.) each of worm-wood, holythistle, centaury, gen-

tian, salt of tartar, and the peels of 4 pomegranates,

add 1 liter (2.11 pints) of good whiskey, and after

digesting for a few days in a warm place, strain

through a cloth.

Danzig stomach liqueur.—Compound 50 drops of

oil of pomegranate, 20 each of oil of calamus and

oil of juniper, 10 each of oil of anise and oil of

curled mint, and 6 each of lavender blossoms and

oil of cloves in 5 kilogr. (11 lbs.) of alcohol, sweeten

with 2 kilogr. (4.4 lbs.) of sugar dissolved in 5 kilogr.

(11 lbs.) of water, color red, and filter.

Stomach elixir.—Distil 95 grammes (3.35 ozs.) of

pomegranate peel, 20 grammes (0.705 oz.) of chamo-

mile flowers, 30 grammes (1.05 oz.) of curled mint,
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65 grammes (2.29 ozs.) of lemon peel, 20 grammes

(0.705 oz.) of angelica root, 35 grammes (1.23 oz.)

of cumin seed, 65 grammes (2.29 ozs.) of juniper

berries, 95 grammes (3.35 ozs.) of bacliane, 25

grammes (0.88 oz.) of ginger, 20 grammes (0.705

oz.) of cardamon seeds, 15. grammes (0.52 oz.) of

angelica leaves, 35 grammes (1.23 oz.) of calamus

root, 15 grammes (0.52 oz.) each of coriander seeds

and galanga, 30 grammes (1.05 oz.) each of bay

leaves and cloves, 60 grammes (2.11 ozs.) of orris

root, 15 grammes (0.52 oz.) each of cinnamon blos-

soms and wormwood, 20 grammes (0.705 oz.) of

peppermint, 30 grammes (1.05 oz.) of gnaphalium

blossoms, 60 grammes (2.11 ozs.) of pomegranate

seeds, and 95 grammes (3.35 ozs.) of cinnamon, with

16.5 liters (4.36 gallons) of alcohol of 90 per cent.

Tr., and 10.5 liters (2.77 gallons) of water, and filter

the distillate.

Maraschino.—Dissolve 2 grammes (30.86 grains)

of oil of orange blossoms, the same quantity of oil

of bitter almonds and essence of cognac, and 4

grammes (61.72 grains) of essence of raspberry in 6

kilogr. (13.2 lbs.) of alcohol of 90 per cent. Tr.

;

sweeten with 3 kilogr. (6.6 lbs.) of sugar dissolved

in 6 liters (1.58 gallon) of water, and filter.

Mogador.—Dissolve 40 drops each of oil of worm-

wood, oil of calamus, oil of peppermint, and oil of

lemon peel, and 20 drops each of oil of cinnamon,

oil of cloves, oil of ginger, and oil of balm in 6

kilogr. (13.2 lbs.) of alcohol of 90 per cent. Tr.,
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sweeten with 2.5 kilogr. (5.5 lbs.) of sugar dissolved

in 4 liters (1.05 gallon) of water, color red with

huckleberry juice, and filter.

Non plus ultra.—Mix 120 drops of oil of bitter

almonds and 40 each of oil of cinnamon, oil of

angelica, and oil of coriander with 6 kilogr. (13.2

lbs.) of alcohol of 90 per cent. Tr., sweeten with 3

kilogr. (6.6 lbs.) of sugar dissolved in 7 liters (1.85

gallons) of water, color rose color, and filter.

Parfait d'Amour.-—Dissolve 80 drops of oil of

lemon, 40 of oil of cinnamon, 30 of oil of bergamot,

20 of oil of cloves, 16 of oil of nutmeg, and 10 of oil

of lavender blossoms, or betfer, of oil of rosemary,

in 10 kilogr. (22 lbs.) of alcohol, sweeten with 4
kilogr. (8.8 lbs.) of sugar dissolved in 10 liters (2.64

gallons) of water, color pale red, and filter.

Persico.—Dissolve 7.5 grammes (0.26 oz.) of oil

of bitter almonds, and 3 grammes (46.3 grains) of

essence of orange blossoms in 6 kilogr. (13.2 lbs.) of

alcohol of 90 per cent. Tr., sweeten with 3 kilogr.

(6.6 lbs.) of sugar dissolved in 7 liters (1.85 gallon)

of water, and filter.

Polska wodka.-—Compound 60 drops of oil of

lemon, 40 of oil of balm, 32 each of oil of lavender,

oil of wormwood, oil of mace, and oil of juniper, 30

drops of oil of marjoram, and 20 each of oil of car-

damon and oil of ginger in 7 kilogr. (15.4 lbs.) of

alcohol of 90 per cent. Tr., sweeten with a solution

of 3 kilogr. (6.6 lbs.) of sugar in 6 liters (1.58 gal-

lon) of water, and filter.
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Pomegranate liqueur.—-Oat up 1 kilogr. (2.2 lbs.)

of pomegranate peel, freed from the pulp, and 60

grammes (2.11 ozs.) of lemon peel, add 80 grammes

(1.05 ozs.) of coarsely powdered cinnamon, and di-

gest the substances with 4 kilogr. (8.8 lbs.) of

alcohol of 85 per cent, for eight days with frequent

shaking. Then strain through a cloth, and press

out the residue. Now dissolve 0.75 kilogr. (1.65 lb.)

of sugar in 2.5 liters (5.28 pints) of water, mix the

two liquids, and filter.

Rossolio de Turin.—Comminute 540 grammes

(19.04 ozs.) of fresh rose leaves, 240 grammes (8.46

ozs.) of fresh jasmine blossoms, 210 grammes (7.4

ozs.) of fresh orange blossoms, 30 grammes (1.05 oz.)

each of orris root and cinnamon, and 7.5 grammes

(0.26 oz.) each of cloves and vanilla. Digest the

ingredients with 6 kilogr. (13.2 lbs.) of spirit of

wine from eight to twelve days, placing the vessel

in a warm place ; then pour off the supernatant

liquid, press out the residue, and sweeten with 3 to

3.5 kilogr. (6.6 to 7.7 lbs.) of sugar dissolved in 6

liters (1.58 gallons) of water. Allow the whole to

repose three to four weeks, then pour off the clear

liquid, and filter the turbid portion. The liqueur

is colored red with cochineal, mulberry juice, or

sweet cherry juice.

Rostopschin.—Compound 3 grammes (0.105 oz.)

of anise oil, 48 drops of oil of coriander, 40 each

of oil of cardamon, oil of fennel, and oil of cinna-

mon, and 2 grammes (80.86 grains) of essence of
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cognac with 6 kilogr. (13.2 lbs.) of alcohol of 90

per cent. Tr., sweeten with 3 kilogr. (6.6 lbs.) of

sugar dissolved in 7 liters (1.85 gallon) of water,

and filter,

Tivoli liqueur,.—Dissolve 80 drops each of oil of

coriander and oil of mace, and 40 drops each of oil

of lemon, tincture of vanilla, oil of cinnamon and

tincture of orris root in 5 kilogr, (13.2 lbs.) of alco-

hol of 90 per cent. Tr., sweeten with a solution of

2.5 kilogr. (5.5 lbs.) of sugar in 7 liters (1.85 gal-

lon) of water, and color brown.

Vespetro.—Comminute and mix 16 grammes

(0.56 oz.) each of angelica seeds, cumin seeds, cori-

ander seed, and fennel seeds
;
digest the ingredients

in 5 kilogr. (11 lbs.) of whiskey of 22 per cent, for

eight days, distil in a water-bath, add the# syrup

from 2 kilogr. (4.4 lbs.) of sugar and 1.5 liter (3.16

pints) of water, color red, and strain.

Vienna bitter liqueur.—Dissolve 40 drops each of

oil of bitter oranges, oil of wormwood, and oil of

origanum, 32 drops of oil of calamus, 20 each of

oil of peppermint and oil of marjoram, 24 of oil of

coriander, 20 each of oil of anise, oil of thyme, and

oil of lemon, and 12 of oil of cloves, in 7 kilogr.

(15.4 lbs.) of alcohol of 90 per cent. Tr. ; add 2.5

kilogr. (5.5 lbs.) of good red wine, sweeten with a

solution of 3 kilogr. (6.6 lbs.) of sugar in 4 liters

(1.05 gallon) of water, color red, and filter.
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XII.

LIQUEURS PREPARED IN THE WARM WAY.

Absinthe liqueur. — Comminute 300 grammes
(10.58 ozs.) of wormwood, 60 grammes (2.11 ozs.)

each of angelica root, holy thistle, and anise seeds,

30 grammes (1.05 oz.) each of badiane seeds and

coriander seeds, and 7.5 grammes (0.26 oz.) of fen-

nel. Digest the ingredients with 10 kilogr. (22 lbs.)

of alcohol and 4 liters (1.05 gallon) of water for two
days, and distil until 11 liters (2.9 gallons) have
passed over. Compound the distillate with 1

kilogr. (2.2 lbs.) of sugar, and color green.

Abbe water.—Comminute 750 grammes (26.45 ozs.)

of drieU lemon peel, 375 grammes (13.23 ozs.) of

dried orange peel, 125 grammes (4.4 ozs.) of juniper

berries, 62 grammes (2.18 ozs.) of sage, 250 grammes
(8.81 ozs.) of anise seeds, and 62 grammes (2.18 ozs.)

of mint. Digest the ingredients in 22 kilogr.

(48.4 lbs.) of alcohol and 18 liters (4.75 gallons) of

water for some time, then distil until 19 kilogr.

(41.8 lbs.) have passed over, sweeten the distillate

with 24 kilogr. (52.8 lbs.) of sugar syrup mixed
with 15 liters- (3.96 gallons) of water, and color red

with the juice of black cherries.

Aqua vitm—Comminute 22.5 grammes (0.79 oz.)

each of fennel and anise, 7.5 grammes (0.26 oz.)

each of cloves, cardamons, cubebs, and galanga;
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digest the ingredients with 2 liters (4.22 pints) of

whiskey for 2 days, and distil Sweeten the distil-

late with sugar according to taste, and filter.

Barbados liqueur.—Comminute 180 grammes
(6.34 ozs.) each of lemon peel and orange peel, 60
grammes (2.11 ozs.) of mace, 30 grammes (1.05 oz.)

each of cloves, and bitter almonds, 15 grammes
(0.52 oz.) of ginger and 7.5. grammes (0.26 oz.) each
of cardamon and anise. Digest the ingredients in

10 kilogr. (22 lbs.) of alcohol and 3.5 liters (3.69

quarts) of water for 2 days; then distil until 12
kilogr. (26.4 lbs.) have passed over, sweeten the

distillate with 3 kilogr. (6.6 lbs.) of sugar and filter.

Beaume consolateur.—'DistiX 24 kilogr. (52.8 lbs.)

of whiskey of 22 per cent, . 16 grammes (0.56 oz.) of

mace and 8 liters (2.11 gallons) of distilled water
until 12 to 14 kilogr. (26.4 to 30.8 lbs.) of liqueur

have passed over; then add the syrup prepared
from 10 kilogr. (22 lbs.) of sugar and 8 liters (2.11

gallons) of distilled water, 90 grammes (3.17 ozs.)

of essence of jasmine, 60 grammes (2.11 ozs.) each
of essence of orange blossoms, essence of rose, and
essence of mignonette, and 70 grammes (1.46 oz.) of

tincture of vanilla, strain and color red or violet.

China- China —Comminute 500 grammes (17.63

ozs.) of bitter almonds, 62 grammes (2.18 ozs.) of

angelica seeds, and 4 grammes (0.141 oz.) of mace.

Digest the ingredients in 9 kilogr. (19.8 lbs.) of

alcohol of 22 per cent, for 14 days, distil until 7
kilogr. (15.4 lbs.) have passed over, compound the

26
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distillate with 3.5 kilogr. (7.7 lbs,) of sugar syrup,

250 grammes (8.81 ozs.) of orange-blossom water,

and 10 drops of essence of cinnamon, color with

caramel, and strain.

Coquette flatteuse t— Comminute the peels of 8

cedrat citrons, 10 oranges and 10 lemons, 300

grammes (10.58 ozs.) of dried hyssop leaves and 60

grammes (2.11 ozs.) of musk roses. Digest the ma-

terials in 20 kilogr. (44 lbs.) of whiskey of 22 per

cent, for 8 days, then distil and add the syrup from

8 kilogr. (17.6 lbs.) of sugar, color red and strain.

Domino—Digest 90 grammes (3.17 ozs.) of fresh

lemon peel, 45 grammes (1.58 oz.) each of calamus

root and angelica root, 30 grammes (1.05 oz.) each

of cinnamon and anise, 15 grammes (0.52 oz.) each

of nutmeg, cloves, juniper berries and coriander,

and 4 grammes (0.14 oz.) each of ginger and vanilla

with 10 kilogr. (22 lbs.) of alcohol and 6 liters

(1.58 gallon) of water for 2 days, distil until 12

kilogr. (26.4 lbs.) have passed over, compound the

distillate with 3.5 kilogr. (7.7 lbs.) of sugar, and

color dark red.

Eau de Berger.—Digest 240 grammes (8.46 ozs.)

of orange peel, 180 grammes (6.34 ozs.) of cinnamon,

60 grammes (2.11 ozs.) of balm, and 30 grammes

(1.05 oz.) each of cardamon and mace in 20 kilogr.

(44 lbs.) of alcohol of 90 per cent. Tr., for some
time

;
then distil off 18 kilogr. (39.6 lbs.) of liqueur,

to which add 8 kilogr. (17.6 lbs.) of sugar dissolved
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in 7 liters (1.85 gallon) of water, color red with

cochineal and strain.

Eau de Chevalier cle St. Louis.—Comminute 1

kilogr. (2.2 lbs.) each of almonds and peach kernels,

and 500 grammes (1.1 lb.) each of bitter almonds

and . cherry ' kernels. Digest the materials in 20

liters (5.28 gallons) of whiskey of 22 per cent, for 8

days, then distil, sweeten the distillate with the

syrup from 5 kilogr. (11 lbs.) of sugar, add 1.5

liter (3.16 pints) of rose-water, filter and color red.

Eau de Noyaux.—Comminute 1.5 kilogramme

(3.3 lbs.) of apricot kernels, 0.5 kilogr. (1.1 lb.) of

peach kernels, and 0.5 kilogr. (1.1 lb.) of plum ker-

nels. Digest the materials in. 30 kilogr. (66 lbs.) of

spirit of 22 per cent, for 20 to 30 days, and then

distil off 18 kilogr. (39.6 lbs.) Add to the distil-

late the syrup from 7.5 kilogr. (16.5 lbs.) of sugar

and 8 liters (2.11 gallons) of water, and 2 liters

(4.22 pints) of orange-blossom water, and filter.

Eau romaine—Comminute 0.5 kilogr. (1.1 lb.)

each of figs and dates, and 0.25 kilogr. (0.55 lb.)

each of fresh, lemon peel and orange peel. Digest

the materials in 20 liters (5.28 gallons) of spirit of

22 per cent, and 16 liters (4.22 gallons) of water for

8 days; then distil off 18 liters (4.75 gallons),

sweeten the distillate with the syrup from 8 kilogr.

(17.6 lbs.) of sugar and 6 liters (1.58 gallon) of

water, add 2 liters (4.22 pints) of orange blossom

water, and filter.
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Eau de vertu.—Comminute 185 grammes (6.52

ozs.) ofjuniper berries, 125 grammes (4.4 ozs.) each

of lemon peel and of pomegranate peel, 92 grammes

(3.24 ozs.) of rosemary leaves, 62 grammes (2.18

ozs.) each of rosewood and angelica root, 25

grammes (0.88 oz.) each of cloves and ginger, and

8 grammes (0.28 oz.) each of mastic and storax.

Digest the materials in 22 kilogr. (48.4 lbs.) of

alcohol and 18 liters (4.75 gallons) of water and

distil off 19 kilogr. (41.8 lbs.). Add to the distil-

late 14 kilogr. (30.8 lbs.) of water and 12 kilogr.

(26.4 lbs.) of sugar syrup, color violet and strain.

Eau de Zelia.—Comminute 62 grammes (2.18

ozs.) of lemon peel, 31 grammes (1.09 oz.) each of

rosemary leaves, lavender blossoms, and cinnamon,

and 16 grammes (0.56 oz.) each of cloves, mace,

and badiane. Pour 22 kilog. (48.4 lbs.) of alcohol

and 18 liters (4.75 gallons) of water over the ingre-

dients, and after allowing the whole to digest in

the heat for some time, distil off 19 kilog. (41.8 lbs.).

Add to the distillate 50 drops of essence of vanilla,

2 liters (4.22 pints) each of rose-water, orange-blos-

som water, and balm water, 8 liters (2.11 gallons) of

water, and 12 kilogr. (26.4 lbs.) of sugar syrup, color

red and strain.

Eau de Paix. —Comminute separately 185

grammes (6.52 ozs.) each of pomegranate peel and

lemon peel, 125 grammes (4.4 ozs.) each of rose-

mary blossoms, angelica root, and sweet almonds,

and 31 grammes (1.09 oz.) each of cardamon,
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badiane, nutmeg, cinnamon, and cloves, mix the

ingredients, pour 22 kilogr. (48.4 lbs.) of alcohol

and 18 liters (4.75 gallons) of water over them, and

distil off 19 kilogr. (41.8 lbs.). Compound the dis-

tillate with 7 liters (1.85 gallon) of water, and 24

kilogr. (52.8 lbs.) of sugar syrup, color yellow and

strain.

Gaite Frangaise.—Comminute 16 grammes (0.56

oz.) each of cloves and cinnamon, 5 grammes (0.17

oz.) of cardamon and the peels of 3 lemons and of

3 oranges. Macerate the ingredients in whiskey for

14 days, then add 8 liters (2.11 gallons) of spirit of

22 per cent., and distil. Sweeten the distillate with

a syrup prepared from 2.5 kilogr. (5.5 lbs.) of sugar,

color red, and filter.
-

Geni&vre.—Macerate 1 kilogr. (2.2 lbs.) of juniper

berries in 8 kilogr. (17.6 lbs.) of alcohol and 3 liters

(6.33 pints) of water for 2 days, then distil off 9

kilogr. (19.8 lbs.), compound the distillate with 1.5

kilogr. (3.3 lbs.) of sugar and filter.

Gold ivater liqueur,— Macerate 7.5 grammes

(0.26 oz.) of powdered coriander, 15 grammes (0.52

oz.) of pulverized cinnamon, 4 grammes (0.14 oz.)

of grated mace, 2 grammes (30.86 grains) of grated

nutmeg, 15 grammes (0.52 oz.) of saffron, the yel-

low of the peel of 6 lemons, and 7.5 grammes (0.26

oz.) of carrot seeds in 6 liters (1.58 gallon) of spirit

of wine of 30° B. for 8 days ; then add 5.5 liters

(1.45 gallon) of water, distil and filter the distillate.

Preparation of the syrup for this liqueur.—Dis-

26*
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solve 5.5 kilogr. (12.1 lbs.) of sugar in 5.5 liters

(1.45 gallon) of pure water, add 15 grammes (0.52

oz.) of tincture of vanilla, clarify, color yellow with

7.5 grammes (0.26 oz.) of fine saffron and, after

allowing the syrup to repose for 3 to 4 days, filter

and then add it to the liqueur. Draw the liqueur

into quart bottles and add to each bottle as much
gold leaf rubbed fine as desired.

Nectar of the Gods.-—Digest 125 grammes (4.4

ozs.) of white honey, 62 grammes (2.18 ozs ) of com-

minuted coriander, 31 grammes (1.09 oz.) of fresh

lemon peel cut np, 250 grammes (8.81 ozs.) of pow-

dered cloves, and 16 grammes (0.56 oz.) each of

powdered storax and benzoin, in 6 kilogr. (13.2

lbs.) of spirit of wine of 33 per cent, for 14 days

;

then distil off 5.5 kilogr. (12.1 lbs.), compound the

distillate with the syrup from 3 kilogr. (6.6 lbs.) of

white sugar, 2 grammes (30.86 "grains) of tincture

of vanilla, and 92 grammes (3.24 ozs.) of essence

of orange blossoms, color dark red, and strain.*

Incomparable liqueur.—Comminute 30 grammes

(1.05 oz.) of fresh lemon peel, 60 grammes (2.11

ozs.) of mace, 30 grammes (1.05 oz.) of lavender

blossoms, 60 grammes (2.11 ozs.) each of balm,

marjoram, and anise, 30 grammes (1.05 oz.) of

coriander, and 15 grammes (0.52 oz.) each of mace

and ginger. Pour 8 kilogr. (17-6 lbs.) of alcohol

and 5 liters (1.32 gallon) of water over the mate-

rials, and after allowing them to digest for 2 days,

distil off 9 kilogr. (19.8 lbs.). Compound the dis-
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till ate with 3 kilogr. (6.6 lbs.) of sugar, and .4

grammes (0.14 oz.) of essence of orange blossoms

and filter.

• Calamus liqueur.—Commin ute 300 grammes

(10.58 ozs.) of calamus, 30 grammes (1.05 oz.) each

of orris root and fennel, 7.5 grammes (0.26 oz.) of

cardamon, and 4 grammes (0.14 oz.) of ginger. Pour

6 kilogr. (13.2 lbs.) of alcohol, and 2 liters (4.22

pints) of water over the materials, and after allow-

ing them to digest for 2 days, distil off 6.5 kilogr.

(14.3 lbs.), compound the distillate with 1.5 kilogr.

(3.3 lbs.) of sugar, and filter.

Carminative.—Comminute 240 grammes (8.46

ozs.) of coriander, 180 grammes (6.34 ozs.) each of

fennel and anise, 90 grammes (3.17 ozs.) of zedoary,

120 grammes (4.23 ozs.) each of fresh lemon peel,

fresh orange peel, cinnamon, calamus, and orris root,

30 grammes (1.05 oz.) each of gentian, holy thistle

and cardamon, and 7.5 grammes (0.26 oz.) of ginger.

Pour 20 kilogr. (44 lbs.) of alcohol and 10 liters

(2.64 gallons) of water over the materials and after

allowing them to macerate 2 days, distil off 24

kilogr. (52.8 lbs.), and compound the distillate with

4 kilogr. (8.8 lbs.) of sugar.

Chartreuse.—GommmntQ 500 grammes (1.1 lb.)

of fresh lemon peel, 250 grammes (8.81 ozs.) each

of fresh pomegranate peel, dried hyssop blossoms,

and peppermint, 125 grammes (4.4 ozs.) each of

mountain wormwood and angelica seeds, 25 grammes

(0.88 oz.) each of angelica root, cinnamon, mace,
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cloves, and toxica bean, 50 grammes (1.76 oz.) of

calamus root, and 10 grammes (0.35 oz.) of carda-

mom Distil the materials with 50 liters (13.2 gal-

lons) of spirit of 95 per cent, and 50 liters (13.2

gallons) of water. Collect the first and the last run

by themselves so that only 45 liters (11.88 gallons)

of chartreuse spirit are obtained, which is sweetened

with a syrup prepared from 40 kilogr. (88 lbs.) of

sugar, and 25 liters (6.6 gallons) of water. This

liqueur is colored either yellow or green.

La felicite.—Comminute 16 grammes (0.56 oz.)

each of cardamon and angelica root, 31 grammes

(1.09 oz.) of orris root, 4 grammes (0.14 oz.) each

of mace and Peruvian balsam, 8 grammes (0.28 oz.)

of basil, and the peels of 8 lemons. Macerate the

materials in spirit for 8 days, then digest them in a

water-bath with 8 liters (2.11 gallons) of spirit of

22 per cent., add a syrup prepared from 2 kilogr.

(4.4 lbs.) of sugar and the necessary water, color

rose color, and filter.

Imperial liqueur.—Comminute 150 grammes

(5.29 ozs.) of fresh hips (fruit of the dog rose), 60

grammes (2.11 ozs.) each of bay leaves, cinnamon,

dill seed, thyme, balm, and juniper berries, and 30

grammes (1.05 oz.) each of chamomile, mace, and

sage. Pour 20 kilogr. (44 lbs.) of spirit of wine

and 16 liters (4.22 gallons) of water over the ingre-

dients, and distil off 18 kilogr. (39.6 lbs.) Com-
pound the distillate with 8 kilogr. (17.6 lbs.) of
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sugar dissolved in 12 liters (3.17 gallons) of water,

add 2 kilogr. (4.4 lbs.) of cinnamon water and filter.

Eau vert stomachique.—Comminute 120 grammes

(4.23 ozs.) each of fresh lemon peel and angelica

root, 90 grammes (3.17 ozs.) each of wormwood,

centaury, and calamus root, 60 grammes (2.11 ozs.)

each of common buck bean, balm, and curled mint,

30 grammes (1.05 oz.) each of badiane, cinnamon,

cloves, coriander and rosemary, and 15 grammes

(0.52 oz.) .of mace. Pour 8 kilogr. (17.6 lbs.) of

alcohol, and 3 liters (6.33 pints) of water over the

materials, and after allowing them to macerate for

2 days, distil off 10 kilogr. (22 lbs.) and compound

the distillate with 3 kilogr. (6.6 lbs.) of sugar.

Color green and filter.

Michilimahinah}—Convert into a fine powder 4

grammes (0.15 oz.) of mace, and 8 grammes (0 28 oz.)

of cloves, and after digesting in 8 liters (2.11 gallons)

of whiskey of 22 per cent., distil off 6 liters (1.58

gallon). Add to the distillate 10 drops of tincture

of ambergris, 16 grammes (0.56 oz.) of essence of

jasmine, and 0.5 liter (1.05 pint) each of rose-water

and orange-blossom water, and sweeten with a

syrup prepared from 500 grammes (1.1 lb.) of sugar

and the necessary water.

Nectar du Generate Foy.~M.ake a cold syrup

from 6 kilogr. (13.2 lbs.) of sugar, 4 liters (1.05

1 The name of this liqueur is of Indian origin, and was

given to it by a Russian fur dealer.
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gallon) of rose-water, and 4 grammes (0.14 oz.) of

tincture of vanilla. Compound the syrup with 2

kilogr. (4.4 lbs.) of alcohol of 36 per cent., and

filter.

Nectar des Qrecs.—Comminute the peels of 4

lemons, 62 grammes (2.18 ozs.) of roasted coffee,

and 32 grammes (1.12 oz.) of cinnamon. Digest

the materials in 10 kilogr. (22 lbs.) of whiskey of

22 per cent, for 8 days, then distil and compound

the distillate with the syrup from 5 kilogr. (11 lbs.)

of sugar, and 4 grammes (0.14 oz.) of tincture of

vanilla. Color the liqueur red, and strain.

Nectar de la BeautL—Qommixmte the peels of 4

lemons and 5 pomegranates, 92 grammes (3.24 ozs.)

of cinnamon, 8 grammes (0.28 oz.) of mace, 125

grammes (4.4 ozs.) each of badiane and coriander,

62 grammes (2.18 ozs.) of juniper berries, 31

grammes (1.09 oz.) of angelica seed, and 4 grammes

(0.14 oz.) of saffron. Pour 16 kilogr. (35.2 lbs.) of

alcohol of 32 per cent, "over the materials, and let

the whole stand for four weeks ; then distil off 2

kilogr. (4.4 lbs.) and add to the distillate a syrup

prepared from 4.5 kilogr. (9.9 lbs.) of sugar, and 1

kilogr. (2.2 lbs.) of rose-water. Color the liqueur

red, and strain.

Pour bon appetit.—Comminute 240 grammes

(8.46 ozs.) each of angelica root and calamus, 120

grammes (4.23 ozs.) each of balm, chamomile, and

origanum, 90 grammes (3.17 ozs.) each of marjo-

ram and thyme, 60 grammes (2.11 ozs.) each of
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anise, coriander, juniper berries, orris root, bay
leaves, fresh orange peel, fresh lemon peel, worm-
wood, centaury, and peppermint, 30 grammes (1.05

oz.) each of cinnamon and cloves, 15 grammes (0.52

oz.) of mace, and 7.5 grammes (0.26 oz.) of carda-

mom Macerate the materials in 12 kilogr. (26.4

lbs.) of alcohol and 5 liters (1.32 gallon) of water

for 2 days ; then distil off 14 kilogr. (30.8 lbs.),

compound the distillate with 3.5 kilogr. (7.7 lbs.)

of sugar, color with cherry juice and tincture of

carmine, and filter,

Swiss liqueur.—Comminute 240 grammes (8.46

ozs.) of calamus root, 180 grammes (6.34 ozs.) of

lemon peel, 120 grammes (4.23 ozs.) each of ange-

lica root and wormwood, 90 grammes (3.17 ozs.)

each of marjoram, balm, and orris root, 60 grammes
(2.11 ozs.) each of thyme and badiane, 30 grammes
(1.05 oz.) of ginger and 7.5 grammes (0.26 oz.) each

of cardamon and mace. Macerate the materials in

.10 kilogr. (22 lbs.) of alcohol, and 3 liters (6.33

pints) of water for 2 days; then distil off 11

kilogr. (24.2 lbs.) and sweeten the liqueur with 3

kilogr. (6.6 lbs.) of sugar.

JEau de la Sultane Zoraide.—Comminute 250

grammes (8.8 ozs.) each of lemon peel, pomegranate

peel and figs, 125 grammes (4.4 ozs.) each of dates

and jasmine flowers, and 52 grammes (1.83 oz.) of

cinnamon. Digest the materials in 22 liters (5.81

gallons) of alcohol and 18 liters (4.75 gallons) of

water for a few days ; then distil off 19 liters
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(5.02 gallons), compound the distillate with 2 liters

(4.22 pints) of orange-blossom water, 12 liters (3.17

gallons) of pure water, and 12.5 kilogr. (27.5 lbs.)

of sugar syrup, color red, and strain through a

cloth,

Ooutte nationale.—Digest in 4 kilogr. (8.8 lbs.)

of whiskey of 22 per cent., for four weeks, the

peels of 6 pomegranates, 31 grammes (1.09 oz.)

each of coriander and sassafras, and 4 grammes

(0.14 oz.) of cinnamon ; then distil and add to the

distillate the syrup from 1.5 kilogr, (3.3 lbs.) of

sugar, color red, and strain through a cloth.

Hamburg Utters.—Macerate in 10 kilogr. (22

lbs.) of alcohol, and 6 liters (1.58 gallon) of water

for 2 days, 120 grammes (4.23 ozs.) of cinnamon, 60

grammes (2.11 ozs.) each of quassia wood, worm-

wood, calamus, and centaury, 30 grammes (1.05

oz.) each of cloves, anise, coriander and orris root,

and 7.5 grammes (0.26 oz.) each of mace, earda-

mon, and ginger. Then distil off' 12 kilogr. (26.4

lbs.) compound the distillate with 2.75 kilogr. (6.05

lbs.) of sugar, color brown, and filter.

Eau nuptiale.—Comminute 185 grammes (6.52

ozs.) of parsley seed, 155 grammes (5.46 ozs.) of

carrot seed, 62 grammes (2.18 ozs.) each of orris

root, anise, and rosewood, and 48 grammes (1.69

oz.) of mace. Pour 22 kilogr. (48.4 lbs.) of alcohol,

and 36 liters (9.5 gallons) of water over the mater-

ials, allow the whole to digest for some time, then
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distil off 38 kilogr. (83.6 lbs.) add to the distillate

7 liters (1.85 gallon) of rose-water, 23 liters (6.07

gallons) of water, and 24 kilogr. (52.8 lbs.) of sugar

syrup, and filter.

Coffee liqueur.—Distil 0.5 kilogr. (1.1 lb.) of

ground roasted coffee with 6 liters (1.58 gallon) of

water. To the distillate, amounting to about 4
kilogr. (8.8 lbs.), add 2 kilogr. (4.4 lbs.) of sugar, 6

kilogr. (13.2 lbs.) of spirit of wine of 85 per cent,

and 60 grammes (2.11 ozs.) of vanilla sugar, and
filter.

Cordial-water.—Comminute 1.5 kilogr. (3.3 lbs.)

of fresh lemon peel, 155 grammes, (5.46 ozs.) of

balm, 125 grammes (4.4 ozs.) each of anise and
coriander, 250 grammes (8.8 ozs.) of cinnamon, 62

grammes (2.18 ozs.) of mace, and 31 grammes (1.09

oz.) of nutmeg. Digest the materials in 22 kilogr.

(48.4 lbs.) of alcohol, and 18 liters (4.75 gallons) of

water for a few days; then distil off 19 kilogr.

(41.8 lbs.), sweeten the distillate with 12 kilogr.

(26.4 lbs.) of sugar syrup, add 18 liters (4.75 gal-

lons) of water, color blue and filter.

Strengthening liqueur.—Comminute 250 grammes
(8.8 ozs.) of chamomiles, 185 grammes (6.52 ozs.)

each of juniper berries and orange peel, 125

grammes (4.4 ozs.) of cinnamon, 31 grammes (1.09

oz.) of cloves, and 16 grammes (0.56 oz.) of carda-

mom Digest the materials in 22 kilogr. (48.4 lbs.)

of alcohol, and 18 liters (4.75 gallons) of water for

some time, then distil off 19 kilogr. (41.8 lbs.), and

27
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compound the distillate with. 14 kilogr. (30.8 lbs.)

of water, and a sufficient quantity of sugar.

Noah water.—Comminute 500 grammes (1.1 lb.)

of toasted bread, 155 grammes (5.46 ozs.) of dried

lemon peel, 62 grammes (2.18 ozs.) each of chamo-

mile and juniper berries, and 31 grammes (1.09 oz.)

of nutmeg. Pour 22 kilogr. (48.4 lbs.) of spirit of

wine, and 18 liters (4.75 gallons), of water over the

materials, distil off 20 kilogr. (44 lbs.), acid to the

distillate 17 kilogr. (37.4 lbs.) of sugar syrup, and

14 liters (3.7 gallons) of water, color red, strain,

and add some comminuted silver leaf.

Orange liqueur.-—Comminute 480 grammes (16.93

ozs.) of fresh orange peel, 240 grammes (8.46 ozs.)

of unripe pomegranates, 120 grammes (4.23 ozs.)

each of lemon peel and calamus, 60 grammes (2.11

ozs.) each of orris root and cinnamon flowers, 30

grammes (1.05 oz.) of cloves, and 7.5 grammes

(0.26 oz.) of mace. Macerate the materials in 6

kilogr. (13.2 lbs.) of alcohol, and 2 liters (4.22 pints)

of water for 2 days
;
then distil off 6.5 kilogr. (14.3

lbs.), add to the distillate 2 kilogr. (4.4 lbs.) of

sugar, and filter.

Rosemary liqueur.—Comminute 480 grammes

(16.93 ozs.) of rosemary, 60 grammes (2.11 ozs.) of

marjoram, 30 grammes (1.05 oz.) of anise and 7.5

grammes (0.26 oz.) of mace. Macerate the mate-

rials in 4 kilogr. (8.8 lbs.) of alcohol and 1.5 liter

(3.16 pints) of water for 2 days; then distil off 4.5
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kilogr. (9.9 lbs.), sweeten the distillate with 1.5

kilogr. (3.3 lbs.) of sugar, and filter.

Rose liqueur.—Pour 15 kilogr. (33 lbs.) of alco-

hol and 8 liters (2.11 gallons) of water over 5 kilogr.

(11 lbs.) of fresh rose leaves, and distil off 15 kilogr.

(33 lbs.). Then dissolve 3 kilogr. (6.6 lbs.) of pul-

verized sugar in 5 kilogr. (ll lbs.) of cold water,

add the solution to the distillate, color red with

tincture of cochineal, and filter.

Vanilla liqueur.—Crush 4 good lemons, and con-

vert into a coarse powder : 45 grammes (1.58 ozs.)

of Ceylon cinnamon, 5 grammes (0.17oz.) of cloves,

5 grammes (0.17 oz.) of vanilla, and 300 grammes

(10.58 ozs.) of dried cherries. Digest the substances

in 2.5 kilogr. (5.5 lbs.) of good old whiskey for 8

days, then strain, and add 0.6 kilogr. (1.32 lb.) of

sugar, and filter through filtering paper or felt.
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Alcoholometry, the practical
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122-137
the varieties of, 58
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Berlien's patent process for the
purification of spirit, 249
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63,64
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Hamburg, 293, 312
Royale, 294
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,
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sils by, 163
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236
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France, 139
fancy, 263-265
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blackberry, 264
cherry, 64, 264
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production of,"in France, 137
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258
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polarization of, 52
specific gravity of, 51

Carbolic acid for cleansing uten-
sils, 163

Cardinal de Rome, 287
Carminative, 307
Caustic potassa, practice of re-

moving fusel oil with,
in Germany, 250, 251

removal of fusel oil by,
241

Cellier-Blumenthal's apparatus
for thick mashes modi-
fied by Cail, 221-223

apparatus, improved, by
Derosne, described,
214-221

Centrifugal apparatus of Sie-
mens, 211-214

Champonnois's process for ex-
tracting the juice from beets,
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Charcoal for rectifying spirit, 241
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'

Cherries, use of, in the produc-
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Cherry brandy, 64, 264
Cherry liqueur, 294
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China-china, 301
Chloride of lime and charcoal for

the purification of
spirit, 250

for removal of fusel oil

from spirit, 241

Chopping machine for potatoes,
184-187

the boiled potatoes, 184-192
Christofle, 287
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Classification of brandies in

France, 139
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162

.

or mash worts, prepara-
tion, 155-162
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preparing, 161, 162

Cognac-armagnac, imitation of,

256-257
artificial, produced in Eng-

land, 143
district of France, 138
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258
Coloring cognacs, 256

liqueurs, substances for, 281
-284

the liqueurs, 279-281
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Cordiale, eau, 289
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of, 270-299
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the term, 270
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starch, grape sugar from, 54

Cote, eau de la, 289, 290
Covering the fermenting vats,

advisability of, 172
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Cremes, 270
Cuban rum distilleries, apparatus

used in, 203-205
Cuba, Siemens's centrifugal ap-
paratus, used in, 212

Cumin liqueur, 295
Curacoa, 287, 288
Cypre, eau de, 290

Damsons and plums, brandy
from, 64

Danzig stomach liqueur, 295
Decomposition of alcohol, 30
Derosne improvement of Cellier-

Blumenthal apparatus describ-

ed, 214-221
Derosne's

2oo
distilling apparatus,

Deux-Charentes, vineyards of,

138, 139
Dextrose, 52, 183

conversion of starch into, 183
Diastase, 69

;
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conversion of starch into su-
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the quantity necessary to

convert starch into dex--

trine and sugar, 71
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49, 50
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25
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.139
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of the vinous mash, 195-233
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rectification and purification

by, 237-240
Distilleries and beet sugar manu-

factories in Belgium and Ger-
many, 122, 123

Distillers and brewers, variability

of, in working, 159
Distilling apparatuses, modern
arrangement of, 199, 200
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Distilling apparatuses, simple
form of, 198-200

process, the principal parts
in the execution of, 36-38

Domino, 302
Dorn's still, description of, 201-

203
Draining the grain in malting,

90, 91
Drops, Jesuit, 294

stomach, 295
Drying malt, 95
Dublin distilleries, grist as pre-
pared in, 161

Dunder, 115
Duplais, receipts of, for absinthe
on a large scale, 266, 267

Eau Americaine, 288
cordiale, 289
d'absynth eitronne, 289
d'amour, 288
d'ardele, 289
d'argent, 288, 289
de la cote, 289, 290
de Berger, 302
de Chevalier de St. Louis,

303
de Cypre, 290
de Florence, 290
de la Sultane Zoraide, 311,

312
de millefleurs, 290, 291
de Napoleon, 291
de No}raux, 303
de Paix, 304, 305
de Paradise, 291, 292
de Vertu, 304
de vie de Marcs, 142
de Zelia, 304
nuptiale, 291, 312, 313
Romaine, 303
Royale, 292
Stomachal, 292
vert stomachique, 309

Elixir, stomach, 295, 296
English bitters, 292, 293

distilleries, Caffey's appara-
tus used in, 223-228

cooling apparatus used
in, 167, 168

mashing in, 155

English mash vat, 156, 157
rum distilleries, apparatus

used in, 203-205
Ergot's rum apparatus, 203-205
Essential oils, 274

preparation of liqueurs with,
274, 275

Ethyl pelargonate, formula and
characteristics of, 143

Examination and preservation of
yeast, 105-109

Extracting the juice from the
beet, 123

Extract or wort, 72

Fabrication of alcohol from amy-
laceous raw materials, 144-194

Falkmann's apparatus for re-
moving fusel oil from spirit,

249
Faraday, experiments of, with

alcohol at a low degree of tem-
perature, 27

Feints, rectifying, 251, 252
Felted malt, 92-94
Fermentation, 35, 96-109

alcoholic, conditions requir-
ed for 100, 101

degrees of heat at which it

should commence, 169
room, temperature of, 169
irregular in potatoes, 191
of grape-juice, 141, 142
of raw materials, 87
of the mash, 170-174
products of, 101-105
progress of, 171
skill required in, 170
the difficulty of restoring
when it flags, 171

the duration of, depends
upon revenue laws, 169

the most important process
of the distiller, 170

the most vigorous, 171, 172
the theoretical reactions re-

presented by, 101
time in which it should take

place, 171
viscous, 191

Fermented mash, constituents of,

195
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Fermenting vats, covering the,

172
disadvantage of wood as

a material, 173
form, etc., of, 173
of glass plates, 174
of iron, with casing of
wood, 173

varnish for, 174
Ferments, action of, on glucose,

55
subjecting sugar to the action

of, 52
Filtering apparatus for liqueurs,

- 278, 279
Florence, eau de, 290
Forerun or foreshot in rectifica-

tion, 238
Foreshot or forerun in rectifica-

. tion, 238
Formation of alcohol, 87-109
France, apparatus used in dis-

tilling wine in, 255
brandy produced in, 137
classification of brandies in,

139
cognac district of, 138
distillation of brandy in, 139
distilling molasses in, 118,

119
still used for rectification in,

239, 240
French curacoa, 288
Fresenius's analysis of Indian

corn, 73
and Schulze on the deter-

mination of starch and dry
substance in potatoes, 77

Fruits and berries, analyses of,

63, 64
fresh, for the preparation of

liqueurs, 276, 277
Fusel oil, 37, 38, 234

approved method of re-

moving, 242
as an article ofcommerce

in England, testing.

236
Blumenthal's apparatus

for freeing spirit

from, 245-248
detection of, 234, 235

Fusel oil, Falkmann's apparatus
for removing, 249

from beet, potato, and
grain, 236

processes of removing by
charcoal, 242-245, 248,
249

reactions which take
place in treating with
chemicals, 241, 242

removal of, by rectifica-

tion, 237, 238
of, from spirit by
chemical means,
241

Ulex's process for deter-

mining, 235, 236
Vogel's process for the

detection of, 235

Gaite Francaise, 305
Gay-Lussac's experiments in al-

coholometry, 39
hydrometer, 44, 45
table showing the per-

cent, of volume of wa-
ter to be added to a
liquor to bring it to

any degree of dilution,

49, 50
Geneva, 259-262
Genie vre, 305
German distilleries, use of com-

pressed beer yeast in, 121

Germany, duration of fermenta-
tion in, 169

revenue laws of, 169
Gilpin ;

s experiments in alcohol-
ometry, 39

Gin, British, 259
difficulty of imitating, 261
Hollands, 259, 260
or Geneva, 259-262
receipts for the imitation of,

261, 262
Glucosan, 54
Glucose, action of ferments on, 55

and grape sugar, 53-55
use of, in fermenta-

tion, 55
vinous mashes from,

111, 112
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Glucose, formula of, 58
levulose, and inverted sugar,

qualities and uses of, 56
melting* point of, 54
specific gravity and other

qualities of, 53-55
sweetness of, 54
the color of, 54
to what the term is generally

applied, 53
Gluten, 69, 70
Glycerine and succinic acid, pro-

ducts of fermentation, 102
detection of, in fermenta-

tion, 102
Gobel's process for the testing of

spirit, 235
Gold water liqueur, 305
Golden water, 293
Goutte nationale, 312
Grain, 71-76

all varieties can be employed
for making liquors, 74

and potatoes mashed with
sulphuric acid, 192-194

bruising and grinding the,

145, 146
for distilling, to judge of the
value of. 71-72

fusel oil, 236
most frequently used in dis-

tilling, 144
the principal varieties used

for distilling, 71
vinous mash from, 144-174

Grains, analyses of different, 72-
76

Grape-juice, analysis of the ash
of, 61, 62

fermentation of, 141 , 142
percentage of constitu-

ents of several kinds,
62, 63

sugar and glucose, 53-55
vinous mashes

from, 111,112
from corn-starch, quali-

ties of, 54
sugar of the, 61
sugar, to what the term is

generally applied, 53
Grapes, 61-63

Grapes, machine of Reihlen for
extracting the juice from,
140, 141

treatment of, in France, 140
vinous mashes from, 137-148

Gray salts, removal of fusel oil

. by, 241
Greek bitters, 293
Grinding or bruising the grain,

145, 146
Grist, as prepared in a Scotch

distillery, 160, 161

as prepared in Dublin dis-

tilleries, 161
the, used in English distil-

leries, 156, 158
Grouven's analyses of wheat, 73
Gumbinner's process for potato
mashing, 188

Hamburg bitters, 293, 312
Heat required to heat alcohol, 29
Heating the fermented mash,
phenomena which arise in, 196,
198

Hollands gin, 259-260
flavor of, 259

Horse chestnut, 80, 81
Hungarian distillery, proportion

of maize, malt, and rye used
in, 177

Hungary, use of sulphurus acid
with maize, 179, 181

Hydrochloric acid, removal of
fusel oil by, 241

Hydrometer, Dicas's, 48
Sikes's, 46-8

Hydrometers, 44-49

Imitation of Armagnac cognac,
256, 257

Imperial liqueur, 308
Incomparable liqueur, 306
Indian corn, analysis of, 73

for distilling, 75
Inverted sugar, composition and

qualities of, 55
Irish distilleries, grist as prepar-

ed in , 161
whiskey, 263

Italy, working of maize in, 181,
182
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Jamaica rum, the flavor of, 116
Jerusalem artichoke, 81
Jesuit drops, 294
Jeverson and Boldt's patent pro-

cess for preserving yeast, 107,
108

Juice from the sugar-beet ex-
tracting, 123

Kletzinsky's process for purifica-
tion of spirit with soap; 219, 250

Kiimmel, 295

La Cambre's directions for the
examination of veast, 107

process for macerating beets,

134, 135
for making alcohol from
glucose and grape su-
gar, 111 , 112

Lactic acid in fermentation, 104,
105

La felicite, 308
Lait de vieillesse, 295
Lavender brandy, 265
Lavoisier, investigations of, in

regard to alcohol, 26
Lees distilling into inferior

brandy, 142
Lemon brandy, 265
Lentels, beans, and peas, 80
Leplay's recommendation of pre-
paring mash with sulphuric
acid, 192

Lcvulose, 52
qualities of, 55

Liqueur, absinthe, 300
anise, 284
aromatic, 285, 286
Baldrian, 286
Barbadoes, 301
Bishop, 286
calamus, 307
cherry, 294
coffee, 313
cumin, 295
gold water, 305
imperial, 308
incomparable, 306
orange, 284, 285, 314
peppermint, 294, 295
pomegranate, 298

Liqueur, rose, 315
rosemary, 314
stomach, Danzig, 295
strengthening, 313
Swiss, 311
Tivoli, 299
vanilla, 315
Vienna bitter, 299

Liqueurs, 270
apparatus for manufactur-

ing, 271, 272
aromatic, vegetable sub-

stances for, and their uses,
273-277

coloring the, 279-281
filtering apparatus for, 279
materials for the prepara- *

tion of, 272
on the manufacture of, 272
or cordials, preparation of,

270-299
what are classed under

the term, 270
ordinary, 284-299
prepared in the warm way,
300-315

preparation of, 278, 279
receipts for, 284-315
storing finished, 281
substances for coloring, 281-
284

sweetening the, 277, 278
the simplest manner of pre-

paring, 274, 275
Liquors, alcoholic, various per-

centages of alcohol in, 25
preparation of, 254-269
spirituous, antiquity of, 26

Litchens, 82
Lowitz, separation of water by,
from spirit with quicklime, 26

Lull, Raymond, 26

Macerating vessels for beets, 127-
134

Maceration complete, tempera-
ture at which it takes
place, 126

of sliced beets, 124-137
Maerkle, recommendation of car-

bolic acid by, for cleansing
utensils, 163
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Maize, malting of, 182
or Indian corn for whiskey

for distilling, 75
or rice, vinous mash from,

175-183
working of, in Italy, 181,

182
Malt, air-dried yielded by barley,

95, 96
felted, 92-94
for potatoes, 187
infusion, preparation of, 68
kiln-dried, 144
preparation of, 87-92
proportion of, to grain, 144
quantity of to be used with

maize, 177, 178
Malting, barley preferred for, 87

of maize, 182
temperatures for different

grains, 88, 89
the object of, 87

Maraschino, 296
Marcs from the vine-press, dis-

tilling, 142
Mash, cooling the, 163-169

from grain and potatoes with
sulphuric acid, 192-194

improving with sulphurous
acid, 180

setting of the, prevention,
161

temperature of, after com-
plete saccharification, 163

the degree to which it should
be cooled, 168, 169

the fermentation of, 170-174
thick, preparation of, 146-

155
vat, 146

English, 156, 157
for potatoes, covering

the, 189
in English distilleries,

158
vinous, from grain, prepara-

tion offl44-174
from maize or rice, 175-

183
from potatoes, 183-192

worts, preparation of, 155-
162

28

Mashes, clear, practical example
of preparing, 159

preparation of, 155-162
or worts, clear, advantages

of preparing, 161, 162
thick, importance of temper-

ature in working, 170
vinous, preparations of, 109-

143
Mashing, 69, 146-162

apparatus, Belgian, 178, 179
experiments of Balling in,

155
in, 152, 153
in English distilleries, 155
machine, an excellent one

for large distilleries,

148-152
for small distilleries, 146
-148

Steel's preparatory, 156
operation, duration of, 161
practical examples of, 158-
162

process for potatoes, 187-189
practical example of,

154, 155
Materials for the preparation of

liqueurs, and on the manu-
facture of liqueurs in gene-
ral, 272-284

raw, 51-86
different, 80-83

Michilimakinak, 309
Millefieur, eau de, 290, 291
Mogador, 296, 297
Molasses, 56-58

analyses of, 56-58

beet sugar, vinous mashes
from/l.17-122

constituents of, 56-58
density of, 56
percentage of sugar in, 56
to And the composition of, 57
vinous mashes from, 112, 116
what is understood by, 56

Monongahela whiskey, 263
Montpelier and other cognacs,
treatment of, 256

Mosses, 82, 83
Miintz, discovery of natural alco-

hol by, 27
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Nageli's refrigerator, 166, 167
Napoleon, eau de, 291,

Nectar de la beaute, 310
des Grecs, 310
du Generale Foy, 309, 310
of the Gods, 306

Nitrate of silver for the purifica-

tion of spirit, 219
Nitric acid, removal of fusel oil

by, 241
Noah water, 314
Non-plus ultra, 297
Non-volatile substances in the

vinous mash, 195 "

Noyaux, eau de, 303
Nuptiale, eau, 291, 312, 313

Oats, composition of, 74
for whiskey, 74, 75

Oil for rectifying spirit, 241
Orange brandy, 265

liqueur, 284, 285, 314
Oxidation of alcohol, 30

Paix, eau de, 304, 305
Paradise, eau de, 291, 292
Parfait cVamour, 297
Pasteur on fermentation, 1 02, 104
Peach brandy, 264
Pearl ash, removal of fusel oil

bv, 241
Pears and apples, use of for the

production of brandy, 64
Peas, beans, and lentels, 80
Peppermint liqueur, 294, 295
Persico, 297
Permanganate of potash for re-

moval of fusel oil from spirit,

241
Phosphoric acid in mashing, 155
Pineapple brandy, 268
Pistorius's distilling apparatus

described, 205-209
still, a modification of de-

scribed, 209-211
Plums and damsons, brandy

from, 64
Polarization of cane sugar, 52
Polska wodka, 297
Pomegranate liqueur, 298
Potato fusel oil, 236

mash, cooling the, 189

Potato mash, substances in, 189,
190

yeast for, 189
mashes, temperatures for,

189-190
mashing, Gumbinner's pro-

cesss for, 188
Potatoes, 76-79

and grain mashed with sul-

phuric acid, 192-194
boiling or steaming, 184
chopping machine for, 184-

187
chopping the boiled, 184
-192

composition of, 76, 77
determination of starch and

dry substance in, 77-79
malt used for, 187
mashing process for, 187-189
preparation of vinous mash

from, 183-192
table of specific gravity,

starch, and dry substance
of, 78, 79

washing, 183, 184
Pour bon appetit, 310, 311
Preparation of clear mashes or

mash worts, 155-162
of liqueurs or cordials, 270-
299

of liquors, 254-269, 278-279
of thick mash, 146-155
of vinous mashes, 109-143

from grain, 144-174
from maize or rice,

175-183
from potatoes, 183-

192
Preservation of yeast, 105-109
Products of fermentation, 101-
105

Properties of alcohol, 25-38
Prophyl alcohol

,
boiling point of,

236
Purification and rectification by

distillation, 237-
210

of spirit, 233-254
of spirit, Berlien ?

s process
for, 219

with soap, 249, 250
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Radicula or rootlet in malt, 88
Raspberry brandy, 264
Rattafias, 270
Raw materials, 51-86

amylaceous, 66-76
different, 80-83
saccharine, 51-66

sugar, vinous mashes from,
110, 111

Receipts for liqueurs, 284-315
Rectification and purification by

distillation, 237-
240

of spirit, 233-254
by chemical

agents, 241-
254

by means of air, 252-254
progress of, 238
removal of fusel oil by, 237,

238
Rectifying apparatus, 238

faints, 251, 252
spirits, the object in, 234

Refrigerator, Nageli's, 166, 167
Refrigerators for cooling the

mash, 163-168
Reihlen's machine for extracting

the juice from grapes, 140, 141
Reindeer moss, composition of,

82, 83
Revenue laws, the effect of, on

the fermentation, 169

Rice, composition of, 75, 76
for distilling, 75
mashing of, 183

or maize, vinous mash from,
175-183

spirit, odor of, 183
Rio Janeiro, Siemens's centrifu-

gal apparatus used in, 212

Rochelle brandy, imitation of,

257-258
Romaine,.eau, 303

Rose brandy, 264
liqueur,' 315

Rosemary liqueur, 314
Rossoli, bitter, 286
Rossolio de Turin, 298
Rostopschin, 298, 299

Royale bitters, 294
eau, 292

Rum apparatus, Ergot's, 203-205
distilleries, English and Cu-
ban, apparatus used in, 203
-205

Jamaica, flavor of, 116
Negro. 113
of the West Indies, 113

Rye, composition of, 74

Sacchariferous raw materials,
preparation of vin-
ous mashes from,
109-143

various, 63-66
Saccharine raw materials, 51-66
Saccharometer, the, 52

Saussner, investigations of, in

regard to alcohol, 26

Savalle's method for preserving
yeast, 108-109

still for rectification, 239, 240
Schiedam distilleries, materials
employed in, 259, 260

Scotch distillery, grist as pre-

pared in, 160, 161
whiskey, 262

Setting of the mash, prevention
of, 161

Siemens's centrifugal apparatus,
211-214

process for extracting the
juice from beets, 124, 130-
134

Sikes's hydrometer, 46-48

Silver water, 288, 289
Small distilleries, mashing ma-
chine for, 146-148

Soap for rectifying spirit, 241

for the purification of spirit,

249-250
Soda, removal of fusel oil by, 241

Soliel saccharometer, 52

Sorgho saccharatum, 51

Sorghum, 64, 65
Spain and Portugal, brandy in,

137
Spirit, Berlien's process for the

purification of, 249
extensive and varied uses of,

26
for the manufacture of li-

queurs, 273
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Spirit, French, 26
Gobel's process for testing,

235
of wine in fusel oil, deter-
mination of, 237

processes for testing, 235, 236
pure, 26
rectification and purification

'of, 233-254
Spirituous liquors, all identical

when extraneous
bodies are removed,
233

all solutions of alcohol,
233, 234

antiquity of, 26
Starch and other constituents of

grain, 66-71
characteristics of, 67, 68
composition of, 66
conversion of, 68, 69

of into dextrose, 183
of into sugar, 87

different kinds of, 67
factories, waste of, 80
heated with malt infusion, 68
into sugar, conversion of
with acids, 192

moisture in, 67
paste, 68

preparation of, 66
quantity of diastase neces-

sary to convert into dex-
trine and sugar, 71

Steam coils, use of, in rectifica-

tion, 238
tables of temperature and

pressure of, 84-86
Steaming or boiling potatoes, 184
Steel's preparatory mashing ma-

chine, 156
Steeping or softening the grain in

malting, 89
Steep-water in malting, 89
Still, Caffey's, 223-228

Cellier - Blumenthal's for

thick mashes, 221
-223

improved by Deros-
ne, 214-221

Dora's, described, 201-203
Enrot's, 203-205

Still for distilling absinthe, de-
scribed, 267-269

new American, described,
228-233

Pistorius's, 205-209
a modification of, de-

scribed, 209-211
Savalle's, . for rectification,

239, 240
Siemens's, centrifugal, 211-

214
Stills, simple, disadvantages of,

199
Stomachal, eau, 292
Stomach drops, 295

elixir, 295, 296
liqueur, Danzig, 295

Stomachique, eau vert, 309
Storing finished liqueurs, 281
Strengthening liqueur, 31.3

Substances, auxiliary, 83, 86
water, 83-86

Succinic acid and glycerine, pro-
ducts of alcoholic fer-

mentation, 102
detection of in fermenta-

tion, 102
Sugar, 51-56

alcohol a product of the de-
composition of, 27

beets, vinous mashes from,
122, 137

boiling with acids, 52
cane, 51-53
formation of, temperature at
which it takes place, and
phenomena indicated in it,

153
in beets, 125
inverted, composition and

qualities of, 55
melting point of, 52
percentage of, in molasses, 56
pure, seldom used for the
manufacture of alcohol, 53

raw, vinous mashes from, 110
111

subjecting to the action of
ferments, 52

Sulphuric acid and vinegar, re-

moval of fusel oil by,
241
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Sulphuric acid for converting'

starch into sugar, 192
grain and potatoes mash-

ed with, 192-194
in macerating beets, 126,

127, 128
treatment of potatoes

with, 183
Sulphurous acid in distilling

maize, 178, 181
Sulphur, proportion used in

treating maize, 180
Sweetening the liqueurs, 277, 278
Swill, 37
Swiss liqueur, 311
Syrup for gold water liqueur,
305,306

Table of contractions and specific

gravities of proportions of
alcohol and water, 31-33

of pressure, and temperature
of steam, 84-86

of the alternate relations of
the degree of Baume's are-
ometer to the specific gra-
vity of the liquid, 46

of the boiling points of dif-

ferent mixtures of alcohol
and water, 35

of the percentage of starch
and dry substance in pota-
toes, corresponding to the
specific gravities, 78, 79

showing the per cent, of
volume of water to be
added to a liquor to
bring it to any degree
of dilution, 49, 50

the relative volumes of
alcohol and water
which when mixed
make up 100, 49

the specific gravity and
saccharometer degrees
of potatoes, 77, 78

the percentage of al cohol
by volume and by gra-
vity, 40-44

Tallow, butter, or cream for pre-
venting overflowing of the vat,
173

Taxation in France, Germany,
and Belgium, 118-1'.0

Temperature in mashing, 153
in working thick mashes,
importance of, 170

of water, for doughing-in
maize, 175, 176

Temperatures for mash from
maize, 175-177

for potato mashes, 187-190
of fermenting rooms, and of
commencement of fermen-
tation, 169

Thick mash, preparation of, 146-
155

Tinctures for the preparation of
liqueurs, 276

Tivoli liqueur, 299
Tralle's hydrometer, 44, 45

Ulex, investigations of, in regard
to alcohols, 235-237

Ulex's process for determining
fusel oil in spirit, 235,
236

for the determination of
spirit of wine in fusel
oil, 237

Utensils, cleansing the, 162, 163

Valerianate of fusel-ether, forma-
tion of, 241

Vanilla liqueur, 315
Varnish for coating the inner

surface of the vat, 174
Vat, smearing with tallow or

butter to prevent overflow, 173
Vats, air-tight, 172
Vertue, eau de, 304
Vespetro, 299
Vieilesse, Lait de, 295
Vienna bitter liqueur, 299
Vinegar, formation of, in fermen-

tation, detection of, 172
Vineyards ofthe Deux Charentes,

138, 139
Vinous mash, distillation of, 195

-233
from grain, preparation

of, 144-174
from grapes, 137-143
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Vinous mash from maize or rice,

preparation of, 175-
183

from potatoes, prepara-
tion of, 183-192

preparation of, 109-143
the operations and pre-

paration of, 145
Viscous fermentation in wheat,

191
Vogel on the detection of fusel

oil in spirit, 235
Volatile substance in the vinous
mash, 195

Washing machine for potatoes,

183, 184
potatoes, 183, 184

Waste of starch factories, 80

Water, Abbe, 300
cordial, 313
for doughing-in maize, tem-

perature of, 175, 176
golden, 293
in the vinous mash, 195

Noah, 314
special for imitating brandy,

258
temperature of, in mashing,

in Dublin, 161

Weil's method for macerating
beets, 136, 137

West Indian molasses, vinous
mashes from, 112-116

process of making rum,
114-116

Indies, the rum of, 113

Wheat, Groven's analyses of,

73
whiskey from, 74

Whiskey, 262-263
apple, 263
from wheat and rye, 74
imitations of, 262, 263
Irish, 263
Monongahela, 263
old Bourbon, 263
Scotch, 262

White salts, removal of fusel oil

by, 241
Whitewash for cleansing utensils,

163
Windward Islands, process of
making rum in, 114, 115

Wine, distillation of, for brandy,
142

of St. Pierre, brandy from,
138

white, for brandy, 138
Wines of Selluel, brandy from,

138
Wooden fermenting vats, clean-

sing, 173
Woody fibre, 82
Worts, clear, advantages of pre-

paring 161, 162
mash, preparation of, 155-
162

Wiirtenburg, distilling molasses
in, 119

Yeast, adulterations of, 107
cells, composition of, 99
compressed beer, used in

German distilleries, 121
composition of, 98-99
dried and purified, composi-

tion of, 99
examination and preserva-

tion of the same, 105-109
for potato mash, 189
heated to the boiling point is

killed, 100
in mashing, Balling's experi-

ments with, 155
Jeverson and Boldt's process

for preserving, 107, 108
moist decomposition of, 99
production of, 105
quantity of, required in fer-

mentation, 170
the action of, as shown in

fermentation, 171

use of, in Holland, 260

Zelia, eau de, 304
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AMATEUR MECHANICS' WORKSHOP:
A treatise containing plain and concise directions for the manipula-
tion of Wood and Metals, including Casting, Forging, Brazing,
Soldering and Carpentry. By the author of the " Lathe and Its

Uses." Third edition. Illustrated. 8vo. . . . $3.00
ANDRES.—A Practical Treatise on the Fabrication of Volatile

and Fat Varnishes, Lacquers, Siccatives and Sealing
Waxes.

From the German of Erwin Andres, Manufacturer of Varnishes
and Lacquers. With additions on the Manufacture and Application
of Varnishes, Stains for Wood, Horn, Ivory, Bone and Leather.
From the German of Dr. Emil Winckler and Louis E. Andes.
The whole translated and edited by William T. Brannt. With 11
illustrations. i2mo. $2.50

ARLOT.—A Complete Guide for Coach Painters

:

Translated from the French of M. Arlot, Coach Painter; for
eleven years Foreman of Painting to M. Eherler, Coach Maker,
Paris. By A. A. Fesquet, Chemist and Engineer. To which is

added an Appendix, containing Information respecting the Materials
and the Practice of Coach and Car Painting and Varnishing in the
United States and Great Britain. i2mo. . . . #1.25

(0
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ARMENGAUD, AMOROUX, AND JOHNSON.—The Practi-
cal Draughtsman's Book of Industrial Design, and Ma-
chinist's and Engineer's Drawing Companion :

Forming a Complete Course of Mechanical Engineering and Archi-
tectural Drawing. From the French of M. Armengaud the elder,

Prof, of Design in the Conservatoire of Arts and Industry, Paris, and
MM. Armengaud the younger, and Amoroux, Civil Engineers. Re-
written and arranged with additional matter and plates, selections from
and examples of the most useful and generally employed mechanism
of the day. By William Johnson, Assoc. Inst. C. E. Illustrated

by fifty folio steel plates, and fifty wood-cuts. A new edition, 4to.,

half morocco ......... $10.00

ARMSTRONG,—The Construction and Management of Steam
Boilers :

By R. Armstrong, C. E. With an Appendix by Robert Mallet,
C. E., F. R. S. Seventh Edition. Illustrated. 1 vol. i2mo. 75

ARROWSMITH.—Paper-Hanger's Companion

:

A Treatise in which the Practical Operations of the Trade are

Systematically laid down : with Copious Directions Preparatory to

Papering ; Preventives against the Effect of Damp on Walls ; the

various Cements and Pastes Adapted to the Several Purposes of

the Trade ; Observations and Directions for the Panelling and
Ornamenting of Rooms, etc. By James Arrowsmith. i2mo.,
cloth $1.25

ASHTON.—The Theory and Practice of the Art of Designing
Fancy Cotton and Woollen Cloths from Sample

:

Giving full instructions for reducing drafts, as well as the methods of

spooling and making out harness for cross drafts and finding any re-

quired reed; with calculations and tables of yarn. By Frederic T.

Ashton, Designer, West Pittsfield, Mass. With fifty-two illustrations.

One vol. folio . $10.00

AUERBACH—CROOKES.—Anthracen

:

Its Constitution, Properties, Manufacture and Derivatives, including

Artificial Alizarin, Anthrapurpurin, etc., with their applications in

Dyeing and Printing. By G. Auerbach. Translated and edited

fiom the revised manuscript of the Author, by Wm. Crookes, F. R.
S., Vice-President of the Chemical Society. 8vo. .

BAIRD.—Miscellaneous Papers on Economic Questions.
By Henry Carey Baird. [In pi'eparation.)

BAIRD.—The American Cotton Spinner, and Manager's and
Carder's Guide:

A Practical Treatise on Cotton Spinning; giving the Dimensions and

,
Speed of Machinery, Draught and Twist Calculations, etc. ; with

notices of recent Improvements : together with Rules and Examples
for making changes in the sizes and numbers of Roving and Yarn.

Compiled from the papers of the late Robert H. Baird. 121110.
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BAIRD.—Standard Wages Computing Tables :

An Improvement in all former Methods of Computation, so arranged
that wages for days, hours, or fractions of hours, at a specified rate
per day or hour, may be ascertained at a glance. By T. Spangler
Baird. Oblong folio $5.00

BAKER.—Long-Span Railway Bridges :

Comprising Investigations of the Comparative Theoretical and
* Practical Advantages of the various Adopted or Proposed Type
Systems of Construction ; with numerous Formulae and Tables. By
B. Baker. i2mo. . #1.50BAKER—The Mathematical Theory of the Steam-Engine :

With Rules at length, and Examples worked out for the use ol

Practical Men. By T. Baker, C. E., with numerous Diagrams.
Sixth Edition, Revised by Prof.

J. R. Young. 121110. . 75BARLOW.—The History and Principles of Weaving, by
Hand and by Power :

Reprinted, with Considerable Additions, from " Engineering," with
a chapter on Lace-making Machinery, reprinted from the Journal of
the "Society of Arts." By Alfred Barlow. With several hundred
illustrations. 8vo., 443 pages $10.00

BARR.—A Practical Treatise on the Combustion of Coal:
Including descriptions of various mechanical devices for the Eco-
nomic Generation of Heat by the Combustion of Fuel, whether solid,

liquid or gaseous. 8vo. . . . . . . $2.50
BARR.—A Practical Treatise on High Pressure Steam Boilers

:

Including Results of Recent Experimental Tests of Boiler Materials,

together with a Description of Approved Safety Apparatus, Steam
Pumps, Injectors and Economizers in actual use. By Wm. M. Barr.
204 Illustrations. 8vo. . . . . . . . $3.00

BAUERMAN.-A Treatise on the Metallurgy of Iron

:

Containing Outlines of the History of Iron Manufacture, Methods of
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron
and Steel, etc., etc. By H. Bauerman, F. G. S., Associate of the

Royal School of Mines. Fifth Edition, Revised and Enlarged.
Illustrated with numerous Wood Engravings from Drawings by J. B»

Jordan. i2mo . . . $2.00
BAYLES.—House Drainage and Water Service

:

In Cities, Villages and Rural Neighborhoods. With Incidental Con.
sideration of Certain Causes Affecting the Plealthfulness of Dwell*
ings. By James C. Bayles, Editor of " The Iron Age " and " The
Metal Worker." With numerous illustrations. 8vo. cloth, $3.00

BEANS.—A Treatise on Railway Curves and Location of
Railroads:

By E. W. Beans, C. E. Illustrated. i2mo. Tucks . $i-5<?

BECJCETT.—A Rudimentary Treatise on Clocks, and Watches
and Bells :

By Sir Edmund Beckett, Bart., LL. D., Q. C. F. R. A. S. With
numerous illustrations. Seventh Edition, Revised and Enlarged.
I2mo. . $2.25
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BELL.—Carpentry Made Easy

:

Or, The Science and Art of Framing on a New and Improved
System. With Specific Instructions for Building Balloon Frames, Barn
Frames, Mill Frames, Warehouses, Church Spires, etc. Comprising
also a System of Bridge Building, with Bills, Estimates of Cost, and
valuable Tables. Illustrated by forty-four plates, comprising nearly

200 figures. By William E> Bell, Architect and Practical Builder.

8vo. .......... $5.00
BEMROSE.—Fret-Cutting and Perforated Carving:
With fifty-three practical illustrations. By W. Bemrose, Jr. i vol.

quarto . . . . . . . . . . $3.00
BEMROSE.—Manual of Buhl-work and Marquetry:
With Practical Instructions for Learners, and ninety colored designs.

By W. Bemrose, Jr. i vol. quarto . . . . $3.00
BEMROSE.—Manual of Wood Carving:
With Practical Illustrations for Learners of the Art, and Original and
Selected Designs. By William Bemrose, Jr. With an Intro-

duction by Llewellyn Jewitt, F. S. A., etc. With 128 illustra-

tions, 4to. ......... $3.00
BILLINGS.—Tobacco

:

Its History, Variety, Culture, Manufacture, Commerce, and Various
Modes of Use. By E. R. Billings. Illustrated by nearly 200
engravings. 8vo $3.00

BIRD.—The American Practical Dyers' Companion:
Comprising a Description of the Principal Dye-Stuffs and Chemicals
used in Dyeing, their Natures and Uses

;
Mordants, and How Made

;

with the best American, English, French and German processes for
.Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt,
Dress Goods, Mixed and Hosiery Yarns, Feathers, Grass, Felt, Fur,
Wool, and Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins,
Furs, Leather, etc., etc. By Wood, Aniline, and other Processes,
together with Remarks on Finishing Agents, and Instructions in th-e

Finishing of Fabrics, Substitutes for Indigo, Water- Proofing of
Materials, Tests and Purification of Water, Manufacture of Aniline
and other New Dye Wares, Harmonizing Colors, etc., etc. ; embrac-
ing in all over 800 Receipts for Colors and Shades, accompanied by
170 Dyed Samples of Raw Materials and Fabrics. By F. J. Bird,
Practical Dyer, Author of " The Dyers' Hand-Book." 8vo. $10.00

BLINN.—A Practical Workshop Companion for Tin, Sheet-
Iron, and Copper-plate Workers :

Containing Rules for describing various kinds of Patterns used by
Tin, Sheet-Iron and Copper-plate Workers; Practical Geometry;
Mensuration of Surfaces and Solids ; Tables of the Weights of
Metals, Lead-pipe, etc. ; Tables of Areas and Circumferences
01 Circles; Japan, Varnishes, Lackers, Cements, Compositions, "etc.,

etc. By Leroy J. Blinn, Master Mechanic. With over One
Hundred Illustrations. i2mo. . . . . . $2.50
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BOOTH.—Marble Worker's Manual:
Containing Practical Information respecting Marbles in general, their

Cutting, Working and Polishing
;
Veneering of Marble ; Mosaics

;

Composition and Use of Artificial Marble, Stuccos, Cements, Receipts,

Secrets, etc., etc. Translated from the French by M. L. Booth.
With an Appendix concerning American Marbles. i2mo., cloth $1.50

BOOTH and MORFIT.—The Encyclopaedia of Chemistry,
Practical and Theoretical

:

Embracing its application to the Arts, Metallurgy, Mineralogy,

Geology, Medicine and Pharmacy. By James C. Booth, Melter

and Refiner in the United States Mint, Professor of Applied Chem-
istry in the Franklin Institute, etc., assisted by Campbell Morfit,
author of " Chemical Manipulations," etc. Seventh Edition. Com-
plete in one volume, royal 8vo., 978 pages, with numerous wood-cuts

and other illustrations . . . . . . . $5*°°

BRAMWELL.—The Wool Carder's Vade-Mecum :

A Complete Manual of the Art of Carding Textile Fabrics. By W.
C. Bramwell. Third Edition, revised and enlarged. Illustrated,

pp. 4.00. i2mo . $2.50

BRANNT.-A Practical Treatise on Distilling and the Manu-
facture of Liquors:

A Receipt-Book for the Preparation of all Kinds of Liquors, Cor-

dials, Bitters, etc. Edited chiefly from the German of Dr. K. Stam-
mer, Dr. F. Elsner, and E. Schubert, by William T. Brannt.
Illustrated by numerous engravings. i2mo. [In press.')

BRANNT.—The Techno-Chemical Receipt Book:
Containing several thousand Receipts comprising the latest and most

useful discoveries in Chemical Technology and Industry. Edited

from the German of Drs. E. Winckler, Heintze and Mierzinski,

with additions by W. T. Brannt. [In preparation^

BROWN.—Five Hundred and Seven Mechanical Movements:
Embracing all those which are most important in Dynamics, Hy-
draulics, Hydrostatics, Pneumatics, Steam-Engines, Mill and other

Gearing, Presses, Horology and Miscellaneous Machinery; and in-

cluding many movements never before published, and several of

which have only recently come into use. By Henry T. Brown.
l2mo. .......... $1.00

BUCKMASTER.—The Elements of Mechanical Physics :

By J. C. Buckmaster. Illustrated with numerous engravings.

i2mo. . . . . . . . . . . $1-5°

BULLOCK.—The American Cottage Builder :

A Series of Designs, Plans and Specifications, from $200 to $20,000,

for Homes for the People
;

together with Warming, Ventilation,

Drainage, Painting and Landscape Gardening. By John Bullock,
Architect and Editor of " The Rudiments of Architecture and
Building," etc., etc. Illustrated by 75 engravings. 8vo. S3.5°

BULLOCK.—The Rudiments of Architecture and Building:

For the use of Architects, Builders, Draughtsmen, Machinists, En-

gineers and Mechanics. Edited by John Bullock, author of "The
American Cottage Builder." Illustrated by 250 Engravings. 8vo.
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BURGH.—Practical Rules for the Proportions of Modern
Engines and Boilers for Land and Marine Purposes.

By N. P. Burgh, Engineer. i2mo. . . . . #1.50

BURNS.—The American Woolen Manufacturer:
A Practical Treatise on the Manufacture of Woolens, in two parts.

Part First gives full and explicit instructions upon Drafting, Cross-

Drawing, Combining Weaves, and the correct arrangement of Weights,

Colors and Sizes of Yarns to produce any desired fabric. Illustrated

with diagrams of various weavings, and twelve samples of cloth for

explanation and practice. Part Second is fully supplied with ex-

tended Tables, Rules, Examples, Explanations, etc.; gives full and
practical information, in detailed order, from the stock department to

the market, of the proper selection and use of the various grades and
staples of wool, with the admixture of waste, cotton and shoddy; and
the proper application and economical use of the various oils, drugs,

dye stuffs, soaps, belting, etc. Also, the most approved method for

Calculating and Estimating the Cost of Goods, for all Wool, Wool
Waste and Cotton and Cotton Warps. With Examples and Calcula-

tions on the Circular motions of Wheels, Pinions, Drums, Pulleys

and Gears, how to speed them, etc. The two parts combined form a

whole work on the American way of manufacturing more complete

than any yet issued. Ey George C. Burns. 8vo. . . $6.50
BYLES.—Sophisms of Free Trade and Popular Political

Economy Examined.
By a Barrister (Sir John Barnard Byles, Judge of Common
Pleas). From the Ninth English Edition, as published by the

• Manchester Reciprocity Association. i2mo. . . . $1.25

BYRN.—The Complete Practical Brewer:
Or Plain, Accurate and Thorough Instructions in the Art of Brewing

Beer, Ale, Porter, including the Process of Making Bavarian Beer,

all the Small Beers, such as Root-beer, Ginger-pop, Sarsaparilla-beer,

Mead, Spruce Beer, etc. Adapted to the use of Public Brewers and

Private Families. By M. La Fayette Byrn, M. D. With illus-

trations. i2mo. . .

BYRN.—The Complete Practical Distiller:

Comprising the most perfect and exact Theoretical and Practical De-

scription of the Art of Distillation and Rectification
;
including all of

the most recent improvements in distilling apparatus ; instructions for

preparing spirits from the numerous vegetables, fruits, etc ; directions

for the distillation and preparation of all kinds of brandies and other

spirits, spirituous and other compounds, etc. By M. La Fayette
Byrn, M. D. Eighth Edition. To which are added Practical

Directions for Distilling, from the French of Th. Fling, Brewer and

Distiller. i2mo. ... . . . #1.50

BYRNE.—Hand-Book for the Artisan, Mechanic, and Engi-
neer :

Comprising the Grinding and Sharpening of Cutting Tools, Abrasive

Processes, Lapidary Work, Gem and Glass Engraving, Varnishing

and Lackering, Apparatus, Materials and Processes for Grinding and
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Polishing, etc. By Oliver Byrne. Illustrated by 185 wood en-
gravings. 8vo. ........ $5.00

BYRNE.—Pocket-Book for Railroad and Civil Engineers

:

Containing New, Exact and Concise Methods for Laying out Railroad
Curves, Switches, Frog Angles and Crossings ; the Staking out of
work; Levelling; the Calculation of Cuttings

; Embankments; Earth-
work, etc. By Oliver Byrne. i8mo., full bound, pocket-book
f°*m • $1.75

BYRNE.—The Practical Metal-Worker's Assistant

:

Comprising Metal] urgic Chemistry ; the Arts of Working all Metals
and Alloys; Forging of Iron and Steel; Hardening and Tempering;
Melting and Mixing; Casting and Founding ; Works in Sheet Metal;
the Processes Dependent on the Ductility of the Metals; Soldering;
and the most Improved Processes and Tools employed by Metal-
workers. With the Application of the Art of Electro-Metallurgy to
Manufacturing Processes ; collected from Original Sources, and from
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier,
Scoffern, Clay, Fairbairn and others. By Oliver Byrne. A new,
revised and improved edition, to which is added an Appendix, con-
taining The Manufacture of Russian Sheet-Iron. By John Percy,
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and
Improvements in Bessemer Steel. By A. A. Fesquet, Chemist and
Engineer. With over Six Hundred Engravings, Illustrating every
Branch of the Subject. 8vo $7.oo

BYRNE.—The Practical Model Calculator:
For the Engineer, Mechanic, Manufacturer of Engine Work, Naval
Architect, Miner and Millwright. By Oliver Byrne. 8vo., nearly
600 pages ^4. co

CABINET MAKER'S ALBUM OF FURNITURE:
Comprising a Collection of Designs for various Styles of Furniture.
Illustrated by Forty-eight Large and Beautifully Engraved Plates.

Oblong, 8vo. . . $3.50
CALLINGHAM.—Sign Writing and Glass Embossing:
A Complete Practical Illustrated Manual of the Art. By James
Callingham. i2mo #1.50

CAMPIN.—A Practical Treatise on Mechanical Engineering:
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work-
shop Machinery, Mechanical Manipulation, Manufacture of Steam-
Engines, etc. With an Appendix on the Analysis of Iron and Iron
Ores. By Francis Campin, C. E. To which are added, Observations
on the Construction of Steam Boilers, and Remarks upon Furnaces
used for Smoke Prevention ; with a Chapter on Explosions. By R.
Armstrong, C. E., and John Bourne. Rules for Calculating the
Change Wheels for Screws on a Turning Lathe, and for a Wheel-
cutting Machine. By J. La Nicca. Management of Steel, Includ-
ing Forging, Hardening, Tempering, Annealing, Shrinking and
Expand >n ; and the Case-hardening of Iron. By G. Ede. 8vo.
Illustrated with twenty-nine plates and 100 wood engravings $5.00



S HENRY CAREY BAIRD & CO.'S CATALOGUE.

CAREY.—A Memoir of Henry C. Carey.
By Dr. Wm. Elder. With a portrait. 8vo., cloth . . 75

CAREY.—The Works of Henry C. Carey :

Harmony of Interests : Agricultural, Manufacturing and Commer-
cial. 8vo. . . . . . . . . $1.50

Manual of Social Science. Condensed from Carey's " Principles

of Social Science." By Kate McKean. i vol. i2mo. . $2.25

Miscellaneous Works. With a Portrait. 2 vols. 8vo. $6.00

Past, Present and Future. 8vo $2.50
Principles of Social Science. 3 volumes, 8vo. . . $10.00

The Slave-Trade, Domestic and Foreign; Why it Exists, and
How it may be Extinguished (1853). 8vo. . . . $2.00

The Unity of Law : As Exhibited in the Relations of Physical,

Social, Mental and Moral Science (1872). 8vo. . . $3.50
CLARK.—Tramways, their Construction and Working

:

Embracing a Comprehensive History of the System. With an ex-

haustive analysis of the various modes of traction, including horse-

power, steam, heated water and compressed air; a description of the

varieties of Rolling stock, and ample details of cost and working ex-

penses. By D. Kinnear Clark. Illustrated by over 200 wood
engravings, and thirteen folding plates. 2 vols. 8vo. . $12.50

COLBURN.—The Locomotive Engine :

Including a Description of its Structure, Rules for Estimating its

Capabilities, and Practical Observations on its Construction and Man-
agement. By Zerah Colburn. Illustrated. 121110. . $1.00

COLLENS.—The Eden of Labor; or, the Christian Utopia.
By T. Wharton Collens, author of " Humanics," " The History

of Charity," etc. l2mo. Paper cover, $1.00 ; Cloth . $1.25
COOLEY.—A Complete Practical Treatise on Perfumery

:

Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles.

With a Comprehensive Collection of Formulae. By Arnold J.
Cooley. i2mo $1.50

COOPER.—A Treatise on the use of Belting for the Trans-
mission of Power.

With numerous illustrations of approved and actual methods of ar-

ranging Main Driving and Quarter Twist Belts, and of Belt Fasten-

ings. Examples and Rules in great number for exhibiting and cal-

culating the size and driving power of Belts. Plain, Particular and
Practical Directions for the Treatment, Care and Management of

Belts. Descriptions of many varieties of Beltings, together with
chapters on the Transmission of Power by Ropes; by Iron and
Wood Frictional Gearing; on the Strength of Belting Leather; and
on the Experimental Investigations of Morin, Briggs, and others. By
John H. Cooper, M. E. 8vo $3-5o

CRAIK.—The Practical American Millwright and Miller.

By David Craik, Millwright. Illustrated by numerous wood en-

gravings and two folding plates. 8vo. .... $S-°°
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CRISTIANI.—A Technical Treatise on Soap and Candles:
With a Glance at the Industry of Fats and Oils. By R. S. Cris-
Tiani, Chemist. Author of "Perfumery and Kindred Arts." Illus-
trated by 176 engravings. 581 pages, 8vo. . . . $7.50

CRISTIANI.—Perfumery and Kindred Arts:
A Comprehensive Treatise on Perfumery, containing a History of
Perfumes from the remotest ages to the present time. A complete
detailed description of the various Materials and Apparatus used in
the Perfumer's Art, with thorough Practical Instruction and careful
Formulae, and advice for the fabrication of all known preparations of
the day, including Essences, Tinctures, Extracts, Spirits, Waters,
Vinegars, Pomades, Powders, Paints, Oils, Emulsions, Cosmetics,
Infusions, Pastilles, Tooth Powders and Washes, Cachous, Hair Dyes,
Sachets, Essential Oils, Flavoring Extracts, etc. ; and full details for
making and manipulating Fancy Toilet Soaps, Shaving Creams, etc.,

by new and improved methods. With an Appendix giving hints and
advice for making and fermenting Domestic Wines, Cordials, Liquors,
Candies, Jellies, Syrups, Colors, etc., and for Perfuming and Flavor-
ing Segars, Snuff and Tobacco, and Miscellaneous Receipts for
various useful Analogous Articles. By R. S. Cristiani, Con-
sulting Chemist and Perfumer, Philadelphia. 8vo. . . $5.00

CUPPER.—The Universal Stair-Builder :

Being a new Treatise on the Construction of Stair-Cases and Hand-
Rails; showing Plans of the various forms of Stairs, method of
Placing the Risers in the Cylinders, general method of describing
the Face Moulds for a Hand-Rail, and an expeditious method of
Squaring the Rail. Useful also to Stonemasons constructing Stone
Stairs and Hand-Rails ; with a new method of Sawing the Twist
Part of any Hand-Rail square from the face of the plank, and to a
parallel width. Also, a new method of forming the Easings of the
Rail by a gauge

;
preceded by some necessary Problems in Practical

Geometry, with the Sections of Prismatic Solids. Illustrated by 29
plates. By R. A. Cupper, Architect, author of "The Practical
Stair-Builder's Guide." Third Edition. Large 4*0. . $2.50

DAVIDSON.—A Practical Manual of House Painting, Grain-
ing, Marbling, and Sign-Writing

:

Containing full information on the processes of House Painting in
Oil and Distemper, the Formation of Letters and Practice of Sign-
Writing, the Principles of Decorative Art, a Course of Elementary
Drawing for House Painters, Writers, etc., and a Collection of Useful
Receipts. With nine colored illustrations of Woods and Marbles,
and numerous wood engravings. By Ellis A. Davidson. i2mo.

$3.00

DAVIES.—A Treatise on Earthy and Other Minerals and
Mining :

By D. C. Davies, F. G. S., Mining Engineer, etc. Illustrated by
76 Engravings. i2mo $5.00
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DAVIES.—A Treatise on Metalliferous Minerals and Mining:
By D. C. Davies, F. G. S., Mining Engineer, Examiner of Mines,
Quarries and Collieries. Illustrated by 148 engravings of Geological
Formations, Mining Operations and Machinery, drawn from tha
practice of all parts of the world. 2d Edition, i2mo., 450 pages $5.00

DAVIES.—A Treatise on Slate and Slate Quarrying:
Scientific, Practical and Commercial. By D. C. Davies, F. G. S.,
Mining Engineer, etc. With numerous illustrations and folding
plates. i2mo. . . . . . . . . $2.50

DAVIS.—A Practical Treatise on the Manufacture of Bricks,
Tiles, Terra-Cotta, etc.

:

Including Common, Pressed, Ornamentally Shaped, and Enamelled
Bricks, Drain-Tiles, Straight and Curved Sewer- Pipes, Fire-Clays,
Fire-Bricks, Terra-Cotta, Roofing-Tiles, Flooring-Tiles, Art-Tiles,
M osaic Plates, and Imitation of Intarsia or Inlaid Surfaces : com-
prising every important Product of Clay employed in Architecture,
Engineering, the Blast-Furnace, for Retorts, etc., with a History and
the Actual Processes in Handling, Disintegrating, Tempering, and
Moulding the Clay into Sliape, Drying Naturally and Artificially,

Setting and Burning, Enamelling in Polychrome Colors, Composition
and Application of Glazes, etc.

;
including Full Detailed Descriptions

of the most modern Machines, Tools, Kilns, and Kiln-Roofs used.
By Charles Thomas Davis. Illustrated by 228 Engravings and
6 Plates. 8vo., 472 pages $5.00

DAVIS.—The Manufacture of Leather:
Being a description of all of the Processes for the Tanning, Currying,
and Finishing of Leather; including the Various Raw Materials and
the Methods for Determining their Values; the Tools, Machines,
and all Matters of Importance connected with an Intelligent and
Profitable Prosecution of the Art, with Special Reference to the best
American Practice. To which is added a List of American Patents
for Materials, Processes, Tools and Machines for Tanning, Currying,
etc. By Charles T. Davis. Illustrated by about 300 engravings.
In one volume, 8vo., ot about 850 pages. (In press.)

DAWIDOWSKY—BRANNT.—A Practical Treatise on the
Raw Materials and Fabrication of Glue, Gelatine, Gelatine
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages,
etc.

:

Based upon Actual Experience. By F. Dawidowsky, Technical
Chemist. Translated from the German, with extensive additions,
including a description of the most Recent American Processes, by
William T. Brannt, Graduate of the Royal. Agricultural College
of Eldena, Prussia. 35 Engravings. l2mo. . . . $2.50

DE GRAFF.—The Geometrical Stair-Builders' Guide:
Being a Plain Practical System of Hand-Railing, embracing all its

necessary Details, and Geometrically Illustrated by twenty-two Steel
Engravings; together with the use of the'most approved principles
of Practical Geometry. By Simon Dk Graff, Architect. 410.

$2.50
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DE KONINCK—DIETZ.—A Practical Manual of Chemical
Analysis and Assaying

:

As applied to the Manufacture of Iron from its Ores, and to Cast Iron,
Wrought Iron, and Steel, as found in Commerce. By L. L. De
Koninck, Dr. Sc., and E. Dietz, Engineer. Edited with Notes, by
Robert Mallet, F. R. S., F. S. G., M. I. C. E., etc. American
Edition, Edited with Notes and an Appendix on Iron Ores, by A. A.
Fesquet, Chemist and Engineer. 121110. . . . $2.50

DUNCAN .«— Practical Surveyor's Guide:
Containing the necessary information to make any person of com-
mon capacity, a finished land surveyor without the aid of a teacher.
By Andrew Duncan. Illustrated. i2mo. . . . $1.25

DUPLAIS.—A Treatise on the Manufacture and Distillation
of Alcoholic Liquors

:

Comprising Accurate and Complete Details in Regard to Alcohol
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho-
del, Fruits, etc. ; with the Distillation and Rectification of Brandy,
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro-
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatic
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the
Ageing of Brandy and the improvement of Spirits, with Copious
Directions and Tables for Testing and Reducing Spirituous Liquors,
etc., etc. Translated and Edited from the French of MM. Duplais,
Aine et Jeune. By M. McKennie, M. D. To which are added the
United States Internal Revenue Regulations for the Assessment and
Collection of Taxes on Distilled Spirits. Illustrated by fourteen
folding plates and several wood engravings. 743 pp. 8vo. $1000

DUSSAUCE.—A General Treatise on the Manufacture of
Vinegar:

Theoretical and Practical. Comprising the various Methods, by the
Slow and the Quick Processes, with Alcohol, Wine, Grain, Malt,
Cider, Molasses, and Beets; as well as the Fabrication of Wood
Vinegar, etc., etc. By Prof. H. Dussauce. 8vo. . ^5 00

DUSSAUCE.—Practical Treatise on the Fabrication ofMatches,
Gun Cotton, and Fulminating Powder.

By Professor H. Dussauce. i2mo. . . . . $3 00
DYER AND COLOR-MAKER'S COMPANION:

Containing upwards of two hundred Receipts for making Colors, on
the most approved principles, for all the various styles and fabrics now
in existence; with the Scouring Process, and plain Directions for

Preparing, Washing-ofT, and Finishing the Goods. i2mo. $1 25
EDWARDS.—A Catechism of the Marine Steam-Engine,
For the use of Engineers, Firemen, and Mechanics. A Practical

Work for Practical Men. By Emory Edwards, Mechanical Engi-

neer. Illustrated by sixty-three Engravings, including examples of

the most modern Engines. Third edition, thoroughly revised, with

much additional matter. 12 mo. 414 pages . . . |2 00
EDWARDS.—Modern American Locomotive Engines,

Their Design, Construction and Management. By Emory Edwa rds.

Illustrated i2mo $2 00
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EDWARDS.—Modern American Marine Engines, Boilers, and
Screw Propellers,

Their Design and Construction. Showing the Present Practice of

the most Eminent Engineers and Marine Engine Builders in the

United States. Illustrated by 30 large and elaborate plates. 4*0. $5.00

EDWARDS.—The Practical Steam Engineer's Guide
In the Design, Construction, and Management of American Stationary,

Portable, and Steam Fire-Engines, Steam Pumps, Boilers, Injectors,

Governors, Indicators, Pistons and Rings, Safety Valves and Steam

Gauges. For the use of Engineers, Firemen, and Steam Users. By
Emory Edwards. Illustrated by 119 engravings. 420 pages.

l2mo $2 50

ELDER.—Conversations on the Principal Subjects of Political

Economy.
By Dr. William Elder. 8vo |2 50

ELDER.—Questions of the Day,
Economic and Social. By Dr. William Elder. 8vo. . $3 00

ELDER.—Memoir of Henry C. Carey.
By Dr. William Elder. 8vo. cloth. .... 75

ERNI.—Mineralogy Simplified.

Easy Methods of Determining and Classifying Minerals, including

Ores, by means of the Blowpipe, and by Humid Chemical Analysis,

based on Professor von Kobell's Tables for the Determination of

Minerals, with an Introduction to Modern Chemistry. By Henry
Erni, A.M., M.D., Professor of Chemistry. Second Edition, rewritten,

enlarged and improved. i2mo. (In press.)

FAIRBAIRN.—The Principles of Mechanism and Machinery

of Transmission •

Comprising the Principles of Mechanism, WT
heels, and Pulleys,

Strength and Proportions of Shafts, Coupling of Shafts, and Engag-

ing and Disengaging Gear. By Sir William Fairbairn, Bart.

C. E. Beautifully illustrated by over 150 wood-cuts. In one

volume, l2mo. $2 -5°

FITCH.—Bessemer Steel,

Ores and Methods, New Facts and Statistics Relating to the Types

of Machinery in Use, the Methods in Vogue, Cost and Class of Labor

employed, and the Character and Availability of the Ores utilized in

the Manufacture of Bessemer Steel in Europe and in the United States

;

together with opinions and excerpts from various accepted authorities.

Compiled and arranged by Thomas W. Fitch. 8vo. . $3 00

FLEMING.—Narrow Gauge Railways in America.

A Sketch of their Rise, Progress, and Success. Valuable Statistics

as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. By

Howard Fleming. Illustrated, 8vo. . . . . |i 5°

FORSYTH.—Book of Designs for Headstones, Mural, and
other Monuments

:

Containing 78 Designs. By James Forsyth. With an Introduction

by Charles Boutell, M. A. 4 to., cloth . . . $5 00
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fjTRANKEL—HUTTER.—A Practical Treatise on the Manu-
facture of Starch, Glucose, Starch-Sugar, and Dextrine :

Based on the German of Ladislaus Von Wagner, Professor in the

Royal Technical High School, Buda-Pest, Hungary, and oiher

authorities. By Julius Frankel, Graduate of the Polytechnic

School of Hanover. Edited by Robert Hutter, Chemist, Practical

Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover-

ing every branch of the subject, including examples of the most
Recent and Best American Machinery. 8vo., 344 pp. . $3.50

GEE.—The Goldsmith's Handbook :

Containing full instructions for the Alloying and Working of Gold,

including the Art of Alloying, Melting, Reducing, Coloring, Col-

lecting, and Refining ; the Processes of Manipulation, Recovery of

Waste ; Chemical and Physical Properties of Gold ; with a New
System of Mixing its Alloys; Solders, Enamels, and other Useful

Rules and Recipes. By George E. Gee. i2mo, . . , #1.75

GEE.—The Silversmith's Handbook

:

Containing full instructions for the Alloying and Working of Silver,

including the different modes of Refining and Melting the Metal ; its

Solders; the Preparation of Imitation Alloys; Methods of Manipula-

tion; Prevention of Waste; Instructions for Improving and Finishing

the Surface of the Work ;
together with other Useful Information and

Memoranda. By George E. Gee, Jeweller. Illustrated. i2mo.

$ I -75

GOTHIC ALBUM FOR CABINET-MAKERS :

Designs for Gothic Furniture. Twenty-three plates. Oblong $2.00

GREENWOOD.—Steel and Iron

:

Comprising the Practice and Theory of the Several Methods Pur-

sued in their Manufacture, and of their Treatment in the Rolling-

Mills, the Forge, and the Foundry. By William Henry Green-
wood, F. C. S. Asso. M. I. C. E., M. I. M. E., Associate of the Royal
School of Mines. With 97 Diagrams, 536 pages. i2mo. . $2.00

GREGORY.—Mathematics for Practical Men :

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and
Civil- Engineers. By Olinthus Gregory. 8vo., plates . $3.00

GRIER.—Rural Hydraulics

:

A Practical Treatise on Rural Household Water Supply. Giving a
full description of Springs and Wells, of Pumps and Hydraulic Ram,
with Instructions in Cistern Building, Laying of Pipes, etc. By W.
W. Grier. Illustrated 8vo 75

GRIMSHAW.—Modern Milling:
Being the substance of two addresses delivered by request, at the

Franklin Institute, Philadelphia, January 19th and January 27th,

1 88 1. By Robert Grimshaw, Ph. D. Edited from the Phono-
graphic Reports. With 28 Illustrations. 8vo. . . $1.00

GRIMSHAW.—Saws

:

The History, Development, Action, Classification, and Comparison
of Saws of all kinds. With Copious Appendices. Giving the details
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of Manufacture, Filing, Setting, Gumming, etc. Care and Use of

Saws ; Tables of Gauges
;
Capacities of Saw-Mills ; List of Saw-

Patents, and other valuable information. By Robert Grimshaw.
Second and greatly enlarged edition, with Supplement, and 354 Illus-

trations. Quarto $4.00

GRIMSHAW.—A Supplement to Grimshaw on Saws:
Containing additional practical matter, more especially relating to the

Forms of Saw-Teeth, for special material and conditions, and to the

Behavior of Saws under particular conditions. 120 Illustrations. By
Robert Grimshaw. Quarto $2.00

GRISWOLD.—Railroad Engineer's Pocket Companion for the
Field:

Comprising Rules for Calculating Deflection Distances and Angles,

Tangential Distances and Angles, and all Necessary Tables for En-

gineers; also the Art of Levelling from Preliminary Survey to the

Construction of Railroads, intended Expressly for the Young En-

gineer, together with Numerous Valuable Rules and Examples. By
W. Griswold. i2mo., tucks . .

. . . . $1-75

GRUNER.—Studies of Blast Furnace Phenomena:
By M. L. Gruner, President of the General Council of Mines, of

France, and lately Professor of Metallurgy at the Ecole des Mines.

Translated, with the author's sanction, with an Appendix, by L. D.
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . $2.50

GUETTIER.—Metallic Alloys:
Being a Practical Guide to their Chemical and Physical Properties,

their Preparation, Composition, and Uses. Translated from the.

French of A. Guettier, Engineer and Director of Founderies,

author of " La Fouderie en France," etc., etc. By A. A. Fesquet,
Chemist and Engineer. i2mo. ..... $3-OQ

HASERICK.—The Secrets of the Art of Dyeing Wool, Cotton,
and Linen,

Including Bleaching and Coloring Wool and Cotton Hosiery and

Random Yarns. A Treatise based on Economy and Practice. By
E. C. Haserick. Illustrated by 323 Dyed Patterns of the Yarns

or Fabrics. 8vo. ........ $25.oq
HATS AND FELTING

:

A Practical Treatise on their Manufacture. By a Practical Hatter.

Illustrated by Drawings of Machinery, etc. 8vo. . . #1.25

HENRY.—The Early and Later History of Petroleum :

With Authentic Facts in regard to its Development in Western Penn-

sylvania. With Sketches of the Pioneer and Prominent Operators,

together with the Refining Capacity of the United States, By J. T.

Henry. Illustrated 8vo. . . . . . . $4-5°

HOFFER.—A Practical Treatise on Caoutchouc and Gutta
Percha,

Comprising the Properties of the Raw Materials, and the manner of

Mixing and Working them ; with the Fabrication of Vulcanized and

Hard Rubbers, Caoutchouc and Gutta Percha Compositions, Water-
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proof Substances, Elastic Tissues, the Utilization of Waste, etc., etc.

From the German of Raimund Hoffer. By W. T. Erannt.
Illustrated i2mo. ........ $2.50.

HOFMANN.—A Practical Treatise on the Manufacture of
Paper in all its Branches :

By Carl Hofmann, Late Superintendent of Paper-Mills in Germany
and the United Slates

;
recently Manager of the " Public Ledger "

Paper-Mills, near Elkton, Maryland. Illustrated by 110 wood en-

gravings, and five large Folding Plates. 4to., cloth; about 400
pages #30.00

HUGHES.—American Miller and Millwright's Assistant:
By William Carter Hughes. i2mo $1.50

HULME.—Worked Examination Questions in Plane Geomet-
rical Drawing :

For the Use of Candidates for the Royal Military Academy, Wool-
wich; the Royal Military College, Sandhurst; the Indian Civil En-
gineering College, Cooper's Hill ; Indian Public Works and Tele-
graph Departments

;
Royal Marine Light Infantry; the Oxford and

Cambridge Local Examinations, etc. By F. Edward Hulme, F. L.
S., F. S. A., Art-Master Marlborough College. Illustrated by 300
examples. Small quarto . . ... . $3>7S

JERVIS.—Railroad Property:
A Treatise on the Construction and Management of Railways;
designed to afford useful knowledge, in the popular style, to the

holders of this class of property ; as well as Railway Managers, Offi-

cers, and Agents. By John B. Jervis, late Civil Engineer of the

Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth $2.00
KEENE.-A Hand-Book of Practical Gauging

:

For the Use of Beginners, to which is added a Chapter on Distilla-

tion, describing the process in operation at the Custom-House for

ascertaining the Strength of Wines. By James B. Keene, of H. M.
Customs. 8vo. . . . . . .

.
$1.25

KELLEY.—Speeches, Addresses, and Letters on Industrial and
Financial Questions

:

By Hon. William D. Kelley, M. C. 544 pages, 8vo. . $3.00
KELLOGG.—A New Monetary System :

The only means of Securing the respective Rights 'of Labor and
Property, and of Protecting the Public from Financial Revulsions.

By Edward Kellogg. Revised from his work on "Labor and
other Capital." With numerous additions from his manuscript.

Edited by Mary Kellogg Putnam. Fifth edition. To which is

added a Biographical Sketch of the Author. One volume, l2mo.

Paper cover . . . . . . . . $1.00

Bound in cloth . . . .
.

. . . . 1. 50

KEMLO.—Watch-Repairer's Hand-Book

:

Being a Complete Guide to the Young Beginner, in Taking Apart,

Putting Together, and Thoroughly Cleaning the English Lever and

other Foreign Watches, and all American Watches. By F. Kemlo,
Practical Watchmaker. With Illustrations. i2mo. . $1.25
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KENTISH.—A Treatise on a Box of Instruments,
And the Slide Rule ; with the Theory of Trigonometry and Loga-

rithms, including Practical Geometry, Surveying, Measuring of Tim-
ber, Cask and Malt Gauging, Heights, and Distances. By Thomas
Kentish. In one volume. i2mo. .... #1.25

KERL—The Assayer's Manual:
An Abridged Treatise on the Docimastic Examination of Ores, and
Furnace and other Artificial Products. By Bruno Kerl, Professor

in the Royal School of Mines ; Member of the Royal Technical

Commission for the Industries, and of the Imperial Patent-Office,

Berlin. Translated from the German by William T. Brannt,
Graduate of the Royal Agricultural College of Eldena, Prussia.

Edited by William H. Wahl, Ph. D., Secretary of the Franklin

Institute, Philadelphia. Illustrated by sixty-five engravings. 8vo.

$3-O0

KINGZETT.—The History, Products, and Processes of the

Alkali Trade

:

Including the most Recent Improvements. By Charles Thomas
Kingzett, Consulting Chemist. With 23 illustrations. 8vo. $2.50

KINSLEY.—Self-Instructor on Lumber Surveying:
For the Use of Lumber Manufacturers, Surveyors, and Teachers.

By Charles Kinsley, Practical Surveyor and Teacher of Surveying.

i2mo. . $2.oa

KIRK.—The Founding of Metals

:

A Practical Treatise on the Melting of Iron, with a Description of the

Founding of Alloys; also, of all the Metals and Mineral Substances

used in the Art of Founding. Collected from original sources. By
Edward Kirk, Practical Foundryman and Chemist. Illustrated.

Third edition. 8vo. ....... $2.50

KITTREDGE.—The Compendium of Architectural Sheet-
Metal Work

:

Profusely Illustrated. Embracing Rules and Directions for Estimates,

Items of Cost, Nomenclature, Tables of Brackets, Modillions, Den-
tals, Trusses, Stop-Blocks, Frieze Pieces, etc. Architect's Specifica-

tion, Tables of Tin-Roofing, Galvanized Iron, etc., etc. To which is

added the Exemplar of Architectural Sheet-Metal Work, containing

details of the Centennial Buildings, and other important Sheet-Metal

Work, Designs and Prices of Architectural Ornaments, as manufac-

tured for the Trade by the Kittredge Cornice and Ornament Com-
pany, and a Catalogue of Cornices, Window-Caps, Mouldings, etc., as

manufactured by the Kittredge Cornice and Ornament Company,
The whole supplemented by a full Index and Table of Contents. By
A. O. Kittredge. 8vo., 565 pages . . . $5-°°

X,ANDRIN.—A Treatise on Steel:

Comprising its Theory, Metallurgy, Properties, Practical Working,

and Use. By M. H. C. Landrin, Jr„ Civil Engineer. Translated

from the French, with Notes, by A. A. Fesquet, Chemist and En-

gineer. With an Appendix on the Bessemer and the Martin Pro*

cesses for Manufacturing Steel, from the Report of Abram S. Hewitfr
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United States Commissioner to the Universal Exposition, Paris, 1867.

i2mo. .......... $3-00

LARDEN.—A School Course on Heat

:

By W. Larden, M. A. 321 pp. i2mo. .... $2.oo>

LARDNER.—The Steam-Engine:
For the Use of Beginners. By Dr. Lardner. Illustrated. i2mo.

75
LARKIN.—The Practical Brass and Iron Founder's Guide

:

A Concise Treatise on Brass Founding, Moulding, the Metals and
their Alloys, etc.; to which are added Recent Improvements in the

Manufacture of Iron, Steel by the Bessemer Process, etc., etc. By
James Larkin, late Conductor of the Brass Foundry Department in

Reany, Neafie 8c Co.'s Penn Works, Philadelphia. Fifth edition,

revised, with extensive additions. l2mo. . . . $2.25

1JEROUX.—A Practical Treatise on the Manufacture of
Worsteds and Carded Yarns :

Comprising Practical Mechanics, with Rules and Calculations applied

to Spinning
;

Sorting, Cleaning, and Scouring Wools ; the English

and French Methods of Combing, Drawing, and Spinning Worsteds,

and Manufacturing Carded Yarns. Translated from the French of

Charles Leroux, Mechanical Engineer and Superintendent of a

Spinning-Mill, by Horatio Paine, M. D., and A. A. Fesquet,
Chemist and Engineer. Illustrated by twelve large Plates. To which
is added an Appendix, containing Extracts from the Reports of the

International Jury, and of the Artisans selected by the Committee
appointed by the Council of the Society of Arts, London, on Woolen
and Worsted Machinery and Fabrics, as exhibited in the Paris Uni-
versal Exposition, 1867. 8vo. ..... $5-00

LrEFFEL.—The Construction of Mill-Dams :

Comprising also the Building of Race and Reservoir Embankments
and Head-Gates, the Measurement of Streams, Gauging of Water
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings.

8vo. $2.50
LESLIE.—Complete Cookery:

Directions for Cookery in its Various Branches. By Miss Leslie.

Sixtieth thousand. Thoroughly revised, with the addition of New
Receipts. In i2mo., cloth . . . . . .

LIEBER.—Assayer's Guide :

Or, Practical Directions to Assayers, Miners, and Smelters, for the

Tests and Assays, by Heat and by Wet Processes, for the Ores of all

the principal Metals, of Gold and Silver Coins and Alloys, and of

Coal, etc. By Oscar M. Lieber. l2mo. . . . $1.25

XrOVE.—The Art of Dyeing, Cleaning, Scouring, and Finish-

ing, on the Most Approved English and French Methods

:

Being Practical Instructions in Dyeing Silks, Woolens, and Cottons,

Feathers, Chips, Straw, etc. Scouring and Cleaning Bed and Win-
dow Curtains, Carpets, Rugs, etc. French and English Cleaning,

any Color or Fabric of Silk, Satin, or Damask. By Thomas Love,
a Working Dyer and Scourer. Second American Edition, to which
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are added General Instructions for the use of Aniline Colors. 8vo.

343 Pages $5.00
LUKIN.—Amongst Machines;

Embracing Descriptions of the various Mechanical Appliances used
in the Manufacture of Wood, Metal, and other Substances. i2mo.

LUKIN.—The Boy Engineers:
What They Did, and How They Did It. With 30 plates. l8mo.

LUKIN.—The Young Mechanic :

Practical Carpentry. Containing Directions for the Use of all kinds
of Tools, and for Construction of Steam- Engines and Mechanical
Models, including the Art of Turning in Wood and Metal. By John
Lukin, Author of "The Lathe and Its Uses," etc. Illustrated.

i2mo #i-75
MAIN and BROWN.—Questions on Subjects Connected with

the Marine Steam-Engine

;

And Examination Papers* with Hints for their Solution. By
Thomas J. Main, Professor of Mathematics, Royal Naval College,

and Thomas Brown, Chief Engineer, R. N. i2mo., cloth . #1.50
MAIN and BROWN.—The Indicator and Dynamometer:
With their Practical Applications to the Steam-Engine. By Thomas
J. Main, M. A. F. R., Ass't S. Professor Royal Naval College,

Portsmouth, and Thomas Brown, Assoc. Inst. C. E., Chief Engineer
R. N., attached to the R. N. College. Illustrated. 8vo. . #1.50

MAIN and BROWN.—The Marine Steam-Engine.
By Thomas J. Main, F. R. Ass't S. Mathematical Professor at the

Royal Naval College, Portsmouth, and Thomas Brown, Assoc.
Inst. C. E., Chief Engineer R. N. Attached to the Royal Naval
College. With numerous illustrations. 8vo. . . $5-00

MARTIN.—Screw-Cutting Tables, for the Use of Mechanical
Engineers :

Showing the Proper Arrangement of Wheels for Cutting the Threads
of Screws of any Required Pitch ; with a Table for Making the Uni-
versal Gas-Pipe Thread and TapsJ By W. A. Martin, Engineer.
8vo. 50

MICHELL.—Mine Drainage:
Being a Complete and Practical Treatise on Direct-Acting Under-
ground Steam Pumping Machinery. With a Description of a large

number of the best known Engines, their General Utility and the

Special Sphere of their Action, the Mode of their Application, and
their Merits compared with other Pumping Machinery. By Stephen
Michell. Illustrated by 137 engravings. 8vo., 277 pages . $6.00

MOLESWORTH.—Pocket-Book of Useful Formulae and
Memoranda for Civil and Mechanical Engineers.

By Guilford L. Molesworth, Member of the Institution of Civil

Engineers, Chief Resident Engineer of the Ceylon Railway. Full-

bound in Pocket-book form ...... $1.00
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MOORE.—The Universal Assistant and the Complete Me-
chanic:

Containing over one million Industrial Facts, Calculations, Receipts,
Processes, Trades Secrets, Rules, Business Forms, Legal Items, Etc.,

in every occupation, from the Household to the Manufactory. By
R. Moore. Illustrated by 500 Engravings. i2mo. . . $2.50

MORRIS.—Easy Rules for the Measurement of Earthworks :

By means of the Prismoidai Formula. Illustrated with Numerous
Wood-Cuts, Problems, and Examoles, and concluded by an Exten-
sive Table for finding the Solidity in cubic yards from Mean Areas.
The whole being adapted for convenient use by Engineers, Surveyors,
Contractors, and others needing Correct Measurements of Earthwork.
By Elwood Morris, C. E. 8vo $1.50

MORTON.—The System of Calculating Diameter, Circumfer-
ence, Area, and Squaring the Circle :

Together with Interest and Miscellaneous Tables, and other informa-
tion. By James Morton. Second Edition, enlarged, with the
Metric System. i2mo. . #1.00

NAPIER.—Manual of Electro-Metallurgy:
Including the Application of the Art to Manufacturing Processes.
By James Napier. Fourth American, from the Fourth London
edition, revised and enlarged. Illustrated by engravings. 8vo. #1.50

NAPIER.—A System of Chemistry Applied to Dyeing.
By James Napier, F. C. S. A New and Thoroughly Revised Edi-
tion. Completely brought up to the present state of the Science,
including the Chemistry of Coal Tar Colors, by A. A. Fesquet,
Chemist and Engineer. With an Appendix on Dyeing and Calico
Printing, as shown at the Universal Exposition, Paris, 1867. Illus-

trated. 8vo. 422 pages $5.00
NEVILLE.—Hydraulic Tables, Coefficients, and Formulse, for

finding the Discharge of Water from Orifices, Notches,
Weirs, Pipes, and Rivers :

Third Edition, with Additions, consisting of New Formulae for the
Discharge from Tidal and Flood Sluices and Siphons ; general infor-

mation on Rainfall, Catchment-Basins, Drainage, Sewerage, Water
Supply for Towns and Mill Power. By Iohn Neville, C. E. M. R.
I. A. ; Fellow of the Royal Geological Society of Ireland, Thick
l2mo $3-50

NEWBERY.—Gleanings from Ornamental Art of every
style

:

Drawn from Examples in the British, South Kensington, Indian,
Crystal Palace, and other Museums, the Exhibitions of 185 1 and
1862,. and the best English and Foreign works. In a series of 100
exquisitely drawn Plates, containing many hundred examples. By
Robert Newbery. 4to. . . . . . . $12.50

NICHOLLS. —The Theoretical and Practical Boiler-Maker and
Engineer's Reference Book:

Containing a variety of Useful Information for Employers of Labor,
Foremen and Working Boiler- Makers, Iron, Copper, and Tinsmiths,
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Draughtsmen, Engineers, the General Steam-using Public, and for the

Use of Science Schools and Classes. By Samuel Nicholls. Illus-

trated by sixteen plates, i2mo. $2.50

NICHOLSON.—A Manual of the Art of Bookbinding

:

Containing full instructions in the different Branches of Forwarding,

Gilding, and Finishing. Also, the Art of Marbling Book-edges and

Paper. By James B. Nicholson. Illustrated. i2mo., cloth $2.25

NICOLLS.—The Railway Builder:

A Hand-Book for Estimating the Probable Cost of American Rail-

way Construction and Equipment. By William J. Nicolls, Civil

Engineer. Illustrated, full bound, pocket-book form . $2.00

NORMANDY.—The Commercial Handbook of Chemical An-
alysis :

Or Practical Instructions for the Determination of the Intrinsic or

Commercial Value of Substances used in Manufactures, in Trades,

and in the Arts. By A. Normandy. New Edition, Enlarged, and

to a great extent rewritten. By Henry M. Noad, Ph.D., F.R.S.,

thick l2mo $5-°°

NORRIS.—A Handbook for Locomotive Engineers and Ma-
chinists :

Comprising the Proportions and Calculations for Constructing Loco-

motives; Manner of Setting Valves; Tables cf Squares, Cubes, Areas,

etc., etc. By Septimus Norris, M. E. New edition. Illustrated,

i2mo $ l -S°

NORTH—The Practical Assayer:
Containing Easy Methods for the Assay of the Principal Metals and

Alloys. Principally designed for explorers and those interested in

Mines. By Oliver North. Illustrated. i2mo. . $2.50

NYSTROM.—A New Treatise on Elements of Mechanics :

Establishing Strict Precision in the Meaning of Dynamical Terms

:

accompanied with an Appendix on Duodenal Arithmetic and Me-
trology. By John W. Nystrom, C. E. Illustrated. 8vo. $2.00

NYSTROM.—On Technological Education and the Construc-
tion of Ships and Screw Propellers

:

For Naval and Marine Engineers. By John W. Nystrom, late

Acting Chief Engineer, U. S. N. Second edition, revised, with addi-

tional matter. Illustrated by seven engravings. i2mo. . $1.50

O'NEILL.—A Dictionary of Dyeing and Calico Printing:

Containing a brief account of all the Substances and Processes in

use in the Art of Dyeing and Printing Textile Fabrics ; with Practical

Receipts and Scientific Information. By Charles O'Neill, Analy-

tical Chemist. To which is added an Essay on Coal Tar Colors and
their application to Dyeing and Calico Printing. By A. A. Fesquet,
Chemist and Engineer. With an appendix on Dyeing and Calico

Printing, as shown at the Universal Exposition, Paris, 1867. 8vo.,

491 pages $5-°°

ORTON.—Underground Treasures*.

How and Where to Find Them. A Key for the Ready Determination

of all the Useful Minerals within the United States. By James
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Orton, A.M., Late Professor of Natural History in Vassar College,

N. Y.; Cor. Mem. of the Academy of Natural Sciences, Philadelphia,

and of the Lyceum of Natural History, New York ; author of the
" Andes and the Amazon," etc. A New Edition, with Additions.

Illustrated #1.50

OSBORN.—The Metallurgy of Iron and Steel

:

Theoretical and Practical in all its Branches; with special reference

to American Materials and Processes. By H. S. Osborn, LL. D.,

Professor of Mining and Metallurgy in Lafayette College, Easton,

Pennsylvania. Illustrated by numerous^ large folding plates and
wood-engravings. 8vo. . . . . . $25.00

OVERMAN.—The Manufacture of Steel

:

Containing the Practice and Principles of Working and Making Steel.

A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard-

ware, of Steel and Iron, and for Men of Science and Art. By
Frederick Overman, Mining Engineer, Author of the "Manu-
facture of Iron," etc. A new, enlarged, and revised Edition. By
A. A. Fesquet, Chemist and Engineer. i2mo. . . $1.50

OVERMAN.—The Moulder's and Founder's Pocket Guide :

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam,
and Cement; the Moulding of Machine Frames, Mill-gear, Hollow-

ware, Ornaments, Trinkets, Bells, and Statues
;
Description of Moulds

for Iron, Bronze, Brass, and other Metals; Plaster of Paris, Sulphur,

Wax, etc. ; the Construction of Melting Furnaces, the Melting and

Founding of Metals ; the Composition of Alloys and their Nature,

etc., etc. By Frederick Overman, M. E. A new Edition, to

which is added a Supplement on Statuary and Ornamental Moulding,

Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem*
ist and Engineer. Illustrated by 44 engravings. l2mo. . $2.00

PAINTER, GILDER, AND VARNISHER'S COMPANION :

Containing Rules and Regulations in everything relating to the Arts

of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling,

Sign-Writing, Gilding on Glass, and Coach Painting and Varnishing

;

Tests for the Detection of Adulterations in Oils, Colors, etc. ; and a

Statement of the Diseases to which Painters are peculiarly liable, with

the Simplest and Best Remedies. Sixteenth Edition. Revised, with

an Appendix. Containing Colors and Coloring—Theoretical and

Practical. Comprising descriptions of a great variety of Additional

Pigments, their Qualities and Uses, to which are added, Dryers, and

Modes and Operations of Painting, etc. Together with Chevreul's

Principles of Harmony and Contrast of Colors. i2mo. Cloth #1.50

PALLETT.—The Miller's, Millwright's, and Engineer's Guide.

By PIenry Pallett. Illustrated. i2mo. . . . $3-°°

PEARSE.—A Concise History of the Iron Manufacture of the

American Colonies up to the Revolution, and of Pennsyl-
vania until the present time.

By John B. Pearse. Illustrated i2mo. . . . $2.00
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PERCY.—The Manufacture of Russian Sheet-Iron.
By John Percy, M. D., F. R. S., Lecturer on Metallurgy at the

Royal School of Mines, and to The Advance Class of Artillery

Officers at the Royal Artillery Institution, Woolwich ; Author of
" Metallurgy." With Illustrations. 8vo., paper . . 50 cts,

PERKINS.—Gas and Ventilation :

Practical Treatise on Gas and Ventilation. With Special Relation

to Illuminating, Heating, and Cooking by Gas. Including Scientific

Helps to Engineer-students and others. With Illustrated Diagrams.

By E. E. Perkins. i2mo., cloth #1.25

PERKINS AND STOWE.-A New Guide to the Sheet-iron
and Boiler Plate Roller :

Containing a Series of Tables showing the Weight of Slabs and Piles

to Produce Boiler Plates, and of the Weight of Piles and the Sizes of

Bars to produce Sheet-iron; the Thickness of the Bar Gauge
in decimals ; the Weight per foot, and the Thickness on the Bar or

Wire Gauge of the fractional parts of an inch; the Weight per

sheet, and the Thickness on the Wire Gauge of Sheet-iron of various

dimensions to weigh 112 lbs. per bundle; and the conversion of

Short Weight into Long Weight, and Long Weight into Short.

Estimated and collected by G. H. Perkins and J. G. Stowe. $2.50

POWELL,—CHANCE—HARRIS.—The Principles of Glass
Making.

By Harry J. Powell, B. A. Together with Treatises on Crown and
Sheet Glass; by Henry Chance, M. A. And Plate Glass, by H.
G. Harris, Asso. M. Inst. C. E. Illustrated i8mo. . $1.50

PROTEAUX.—Practical Guide for the Manufacture of Paper
and Boards.

By A. Proteaux. From the French, by Horatio Paine, A. B.,

M. D. To which is added the Manufacture of Paper from Wood,
by Henry T. Brown. Illustrated by six plates. 8vo. . . $12.50

PROCTOR.—A Pocket-Book of Useful Tables and Formulae
for Marine Engineers.

By Frank Proctor. Second Edition, Revised and Enlarged.

Full bound pocket-book form . . . . . . $1.50

REGNAULT.—Elements of Chemistry.
By M. V. Regnault. Translated from the French by T. Forrest
Betton, M. D., and edited, with Notes, by James C. Booth, Melter

and Refiner U. S. Mint, and William L. Faber. Metallurgist and
Mining Engineer. Illustrated by nearly 700 wood engravings. Com-
prising nearly 1,500 pages. In two volumes, 8vo., cloth . $7.50

RIFFAULT, VERGNAUD, and TOUSSAINT.—A Practical

Treatise on the Manufacture of Colors for Painting :

Comprising the Origin, Definition, and Classification of Colors ; the

Treatment of the Raw Materials ; the best Formulae and the Newest
Processes for the Preparation of every description of Pigment, and
the Necessary Apparatus and Directions for its Use; Dryers; the

Testing, Application, and Qualities of Paints, etc., etc. By MM.
Riffault, Vergnatjd, and Toussaint. Revised and Edited by M.
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F. Malepeyre. Translated from the French, by A. A. Fesquet,
Chemist and Engineer. Illustrated by Eighty engravings. In one
vol., 8vo., 659 pages .#7.50

ROPER.—A Catechism of High-Pressure, or Non-Condensing
Steam-Engines :

Including the Modelling, Constructing, and Management of Steam-
Engines and Steam Boilers. With valuable illustrations. By Ste-
phen Roper, Engineer. Sixteenth edition, revised and enlarged.
i8mo., tucks, gilt edge $2.00

ROPER.—Engineer's Handy-Book:
Containing a full Explanation of the Steam-Engine Indicator, and its

Use and Advantages to Engineers and Steam Users. With Formulae
for Estimating the Power of all Classes of Steam-Engines

; also,

Facts, Figures, Questions, and Tables for Engineers who wish to

qualify themselves for the United States Navy, the Revenue Service,
the Mercantile Marine, or to take charge of the Better Class of Sta-

tionary Steam-Engines. Sixth edition. l6mo.. 690 pages, tucks,

gilt edge . . . . . . .
'

. . $3.50
ROPER.—Hand-Book of Land and Marine Engines :

Including the Modelling, Construction, Running, and Management
of Land and Marine Engines and Boilers. With illustrations. By
Stephen Roper, Engineer. Sixth edition. i2mo.,tvcks, gilt edge.

ROPER.—Hand-Book of the Locomotive :

Including the Construction of Engines and Boilers, and the Construc-
tion, Management, and Running of Locomotives. By Stephen
Roper. Eleventh edition. i8mo., tucks, gilt edge . $2.50

ROPER.—Hand-Book of Modern Steam Fire- Engines.
With illustrations. By Stephen Roper, Engineer. Fourth edition,

i2mo., tucks, gilt edge $3-5o
ROPER.—Questions and Answers for Engineers.

This little book contains all the Questions that Engineers will be
asked when undergoing an Examination for the purpose of procuring
Licenses, and they are so plain that any Engineer or Fireman of or-

dinary intelligence may commit them to memory in a short time. By
Stephen Roper, Engineer. Third edition . . . $3.00

ROPER.—Use and Abuse of the Steam Boiler.
By Stephen Roper, Engineer. Eighth edition, with illustrations.

i8mo., tucks, gilt edge $2.00
ROSE.—The Complete Practical Machinist

:

Embracing Lathe-Work, Vise-Work, Drills and Drilling, Taps and
Dies, Hardening and Tempering, the Making and Use of Tools, Tool
Grinding. Marking Out Work, etc. By Joshua Rose, Author of " The
Pattern-maker's Assistant" and "The Slide Valve." Illustrated by
J 96 engravings. Eighth edition, revised and enlarged by the addition
of much new matter. l2mo., 441 pages . . . $2.50

ROSE.—Mechanical Drawing Self-Taught

:

Comprising Instructions in the Selection and Preparation of Drawing
Instruments, Elementary Instruction in Practical Mechanical Draw-
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ing, together with Examples in Simple Geometry and Elementary
Mechanism, including Screw Threads, Gear Wheels, Mechanical Mo-
tions, Engines and Boilers. By Joshua Rose, M. E., Author of
" The Complete Practical Machinist," " The Pattern-maker's Assist-

ant," " The Slide-valve." Illustrated by 330 engravings. 8vo., 313
pages . . . #4 .oo

ROSE.—The Slide-Valve Practically Explained

:

Embracing simple and complete Practical Demonstrations of the
operation of each element in a Slide-valve Movement, and illustrating

the effects of Variations in their Proportions by examples carefully

selected from the most recent and successful practice. By Joshua
Rose, M. E., Author of " The Complete Practical Machinist," " The
Pattern-maker's Assistant," etc. Illustrated by 35 engravings $1.00

ROSS.—The Blowpipe in Chemistry, Mineralogy and Geology:
Containing all Known Methods of Anhydrous Analysis, many Work-
ing Examples, and Instructions for Making Apparatus. By Lieut.-
Colonel W. A. Ross, R. A. F., G. S. With 120 Illustrations.

l2mo .. #1.50

SHAW.—Civil Architecture :

Being a Complete Theoretical and Practical System of Building, con-

taining the Fundamental Principles of the Art. By Edward Shaw,
Architect. To which is added a Treatise on Gothic Architecture, etc.

By Thomas W. Silloway and George M. Harding, Architects.

The whole illustrated by 102 quarto plates finely engraved on copper.

Eleventh edition. 4to. ....... $10.00

SHUNK.—A Practical Treatise on Railway Curves and Loca-
tion, for Young Engineers.

By William F. Shunk, Civil Engineer. i2mo. Full bound pocket-

book form . . . . . . . . $2.00

SLATER.—The Manual of Colors and Dye Wares.
By J. W. Slater. i2mo $3-75

SLOAN.—American Houses:
A variety of Original Designs for Rural Buildings. Illustrated by

twenty-six colored Engravings, with Descriptive References. By
Samuel Sloan, Architect, author of the " Model Architect," etc.

etc. 8vo #1.50

SLOAN.—Homestead Architecture

:

Containing Forty Designs for Villas, Cottages, and Farm-houses, with

Essays on Style, Construction, Landscape Gardening, Furniture, etc. f

etc. Illustrated by upwards of 200 engravings. By Samuel Sloan,
Architect. 8vo. ........ $3.50

SMEATON.—Builder's Pocket-Companion :

Containing the Elements of Building, Surveying, and Architecture;

with Practical Rules and Instructions connected with the subject. By
A. C. Smeaton, Civil Engineer, etc. i2mo. . . . #1.50

SMITH.—A Manual of Political Economy.
By E. Peshine Smith. A new Edition, to which is added a full

Index. i2mo. ........
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SMITH.—Parks and Pleasure-Grounds :

Or Practical Notes 011 Country Residences, Villas, Public Parks, and

Gardens. By Charles H. J. Smith, Landscape Gardener and

Garden Architect, etc., etc. l2mo. . . . . $2.00

SMITH.—The Dyer's Instructor

:

Comprising Practical Instructions in the Art of Dyeing Silk, Cotton,

Wool, and Worsted, and Woolen Goods; containing nearly 800

Receipts. To which is added a Treatise on the Art of Padding; and

the Printing of Silk Warps, Skeins, and Handkerchiefs, and the

various Mordants and Colors for the different styles of such work.

By David Smith, Pattern Dyer. i2mo. . . . $3.00

SMYTH.—A Rudimentary Treatise on Coal and Coal-Mining.

By Warrington W. Smyth, M. A., F. R. G., President R. G. S.

of Cornwall. Fifth edition, revised and corrected. With numer-

ous illustrations. I2m6. ...... $1*75

SNIVELY.—A Treatise on the Manufacture of Perfumes and
Kindred Toilet Articles.

By John H. Snively, Phr. D., Professor of Analytical Chemistry in

the Tennessee College of Pharmacy. 8vo. . . . $3.00

SNIVELY.—Tables for Systematic Qualitative Chemical Anal-
ysis.

By John H. Snively, Phr. D. 8vo. . . . . $1.00

SNIVELY.—The Elements of Systematic Qualitative Chemical
Analysis :

A Hand-book for Beginners. By John H. Snively, Phr. D. i6mo.
$2.00-

STEWART.—The American System :

Speeches on the Tariff Question, and on Internal Improvements,

principally delivered in the House of Representatives of the United

States. By Andrew Stewart, late M. C. from Pennsylvania.

With a Portrait, and a Biographical Sketch. 8vo. . . $3.00

STOKES.—The Cabinet-Maker and Upholsterer's Companion :

Comprising the Art of Drawing, as applicable to Cabinet Work;
Veneering, Inlaying, and Buhl-Work; the Art of Dyeing and Stain-

ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker-

ing, Japanning, and Varnishing; to make French Polish, Glues,

Cements, and Compositions; with numerous Receipts, useful to work-

men generally. By J. Stokes. Illustrated. A New Edition, with

an Appendix upon French Polishing, Staining, Imitating, Varnishing,

etc., etc. l2mo. . . . . . . . #1.25

STRENGTH AND OTHER PROPERTIES OF METALS:
Reports of Experiments on the Strength and other Properties of

Metals for Cannon. With a Description of the Machines for Testing

Metals, and of the Classification of Cannon in service. By Officers

of the Ordnance Department, U. S. Army. By authority of the Secre-

tary of War. Illustrated by 25 large steel plates. Quarto . $10.00

SULLIVAN.—Protection to Native Industry.

By Sir Edward Sullivan, Baronet, author of " Ten Chapters on
Social Reforms." 8vo $1.50
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SYME.—Outlines of an Industrial Science.

By David Syme. i2mo. $2.00

TABLES SHOWING THE WEIGHT OF ROUND,
SQUARE, AND FLAT BAR IRON, STEEL, ETC.,

By Measurement. Cloth ...... 63
TAYLOR.—Statistics of Coal

:

Including Mineral Bituminous Substances employed in Arts and
Manufactures; with their Geographical, Geological, and Commercial
Distribution and Amount of Production and Consumption on the

American Continent. With Incidental Statistics of the Iron Manu-
facture. By R. C. Taylor. Second edition, revised by S. S. Halde-
man. Illustrated by five Maps and many wood engravings. 8vo.,

cloth $10.00

TEMPLETON.—The Practical Examinator on Steam and the

Steam-Engine

:

With Instructive References relative thereto, arranged for the Use of

Engineers, Students, and others. By William Templeton, En-

gineer. i2mo. ........ $1.25

THAUSING.—The Theory and Practice of the Preparation of

Malt and the Fabrication of Beer:
With especial reference to the Vienna Process of Brewing. Elab-

orated from personal experience by Julius E. Thausing, Professor

at the School for Brewers, and at the Agricultural Institute, Modling,
near Vienna. Translated from the German by William T. Brannt,
Thoroughly and elaborately edited, with much American matter, and
according to the latest and most Scientific Practice, by A. Schwarz
and Dr. A. H. Bauer. Illustrated by 140 Engravings. 8vo., 815
pages .......... $10.00

THOMAS.—The Modern Practice of Photography:
By R. W. Thomas, F. C. S. 8vo.. .... 75

THOMPSON.—Political Economy. With Especial Reference
to the Industrial History of Nations :

By Robert E. Thompson, M. A., Professor of Social Science in the

University of Pennsylvania. l2mo. . . . . #1.50
THOMSON.—Freight Charges Calculator:
By Andrew Thomson, Freight Agent. 241110. . . #1.25

TURNER'S (THE) COMPANION:
Containing Instructions in Concentric, Elliptic, and Eccentric Turn-
ing; also various Plates of Chucks, Tools, and Instruments; and
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and
Circular Rest; with Patterns and Instructions for working them.
i2mo. . . • #1.25

TURNING : Specimens of Fancy Turning Executed on the
Hand or Foot-Lathe

:

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting
Frame. By an Amateur. Illustrated by 30 exquisite Photographs.
4to. . . $3.00

URBIN—BRULL.—A Practical Guide for Puddling Iron and
Steel.

By Ed. Urbin, Engineer of Arts and Manufactures. A Prize Essay,



HENRY CAREY BAIRD & CO.'S CATALOGUE.

read before the Association of Engineers, Graduate of the School of
Mines, of Liege, Belgium, at the Meeting of 1865-6. To which is

added A Comparison of the Resisting Properties of Iron and
Steel. By A. Brull. Translated from the French by A. A. Fes-
QUET, Chemist and Engineer. 8vo. . . . . #1.00

VAILE.—Galvanized- Iron Cornice-Worker's Manual:
Containing Instructions in Laying out the Different Mitres, and
Making Patterns for all kinds of Plain and Circular Work. Also,
Tables of Weights, Areas and Circumferences of Circles, and other
Matter calculated to Benefit the Trade. By Charles A. Vaile.
Illustrated by twenty-one plates. 4to $5.00

VILLE.—On Artificial Manures :

Their Chemical Selection and Scientific Application to Agriculture.

A series of Lectures given at the Experimental Farm at Vincennes,
during 1867 and 1874-75. By M. Georges Ville. Translated and
Edited by William Crookes, F. R. S. Illustrated by thirty-one

engravings. 8vo., 450 pages ...... $6.00

VILLE.—The School of Chemical Manures :

Or, Elementary Principles in the Use of Fertilizing Agents. From
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En-
gineer. With Illustrations. l2mo. .... #1.25

VOGDES.—The Architect's and Builder's Pocket-Companion
and Price-Book

:

Consisting of a Short but Comprehensive Epitome of Decimals, Duo-
decimals, Geometry and Mensuration ; with Tables of United States

Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone,

Brick, Cement and Concretes, Quantities of Materials in given Sizes

and Dimensions of Wood, Brick and Stone; and full and complete
Bills of Prices for Carpenter's Work and Painting; also, Rules for

Computing and Valuing Brick and Brick Work, Stone Work, Paint-

ing, Plastering, with a Vocabulary of Technical Terms, etc. By
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged, revised,

and corrected. In one volume, 368 pages, full-bound, pocket-book
form, gilt edges ........ $2.00
Cloth . ........ 1.50

WAHL.—Galvanoplastic Manipulations :

A Practical Guide for the Gold and Silver Electroplater and the Gal-
vanoplastic Operator. Comprising the Electro-Deposition of all

Metals by means of the Battery and the Dynamo-Electric Machine,
as well as the most approved Processes of Deposition by Simple Im-
mersion, with Descriptions of Apparatus, Chemical Products employed
in the Art, etc. Based largely on the " Manipulations Hydroplas-
tiques" of Alfred Roseleur. By William H. Wahl, Ph. D.

(
Heid), Secretary of the Franklin Institute. Illustrated by 189 en-

gravings. 8vo., 656 pages ...... $7*5°

WALTON.—Coal-Mining Described and Illustrated:

By Thomas H. Walton, Mining Engineer. Illustrated by 24 large

and elaborate Plates, after Actual Workings and Apparatus. 4to.

{In press.)
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WARE.—The Sugar Beet.
Including a History of the Beet Sugar Industry in Europe, Varieties

of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing,

Yield and Cost of Cultivation, Harvesting, Transportation, Conserva-

tion, Feeding Qualities of the Beet and of the Pulp, etc. By Lewis
S. Ware, C. E., M. E. Illustrated by ninety engravings. 8vo.

$4.00

WARN.—The Sheet-Metal Worker's Instructor:

For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain-

ing a selection of Geometrical Problems
;

also, Practical and Simple

Rules for Describing the various Patterns required in the different

branches' of the above Trades. By Reuben H. Warn, Practical

Tin-Plate Worker. To which is added an Appendix, containing

Instructions for Boiler-Making, Mensuration of Surfaces and Solids,

Rules for Calculating the Weights of different Figures of Iron and

Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty-

two Plates and thirty-seven Wood Engravings. 8vo. . $3.00

WARNER.—New Theorems, Tables, and Diagrams, for the

Computation of Earth-work

:

Designed for the use of Engineers in Preliminary and Final Estimates,

of Students in Engineering, and of Contractors and other non-profes-

sional Computers. In two parts, with an Appendix. Part I. A Prac-

tical Treatise; Part II. A Theoretical Treatise, and the Appendix:

Containing Notes to the Rules and Examples of Part I.; Explana-

tions of the Construction of Scales, Tables, and Diagrams, and a

Treatise upon Equivalent Square Bases and Equivalent Level Heights.

The whole illustrated by numerous original engravings, comprising

explanatory cuts for Definitions and Problems, Stereometric Scales

and Diagrams, and a series of Lithographic Drawings from Models :

Showing all the Combinations of Solid Forms which occur in Railroad

Excavations and Embankments. By John Warner, A. M., Mining
and Mechanical Engineer. Illustrated by 14 Plates. A new, revised

and improved edition. 8vo. ...... $4.00

WATSON.—A Manual of the Hand-Lathe :

Comprising Concise Directions for Working Metals of all kinds,

Ivory, Bone and Precious Woods; Dyeing, Coloring, and French
Polishing; Inlaying by Veneers, and various methods practised to

produce Elaborate work with Dispatch, and at Small Expense. By
Egbert P. Watson, Author of " The Modern Practice of American
Machinists and Engineers." Illustrated by 78 engravings. $1.50

WATSON.—The Modern Practice of American Machinists and
Engineers:

Including the Construction, Application, and Use of Drills, Lathe

Tools, Cutters for Boring Cylinders, and Hollow-work generally , with

the most Economical Speed for the same ; the Results verified by

Actual Practice at the Lathe, the Vise, and on the Floor. Together
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with Workshop Management, Economy of Manufacture, the Steam-
Engine, Boilers, Gears, Belting, etc., etc. By Egbert P. Watson.
Illustrated by eighty-six engravings. i2mo. . . . $2.50

WATSON.—The Theory and Practice of the Art of Weaving
by Hand and Power :

With Calculations and Tables for the Use of those connected with the
Trade. By John Watson, Manufacturer and Practical Machine-
Maker. Illustrated by large Drawings of the best Power Looms.
8vo. . . . • $7.50

WATT.—The Art of Soap Making

:

A Practical Hand-book of the Manufacture of Hard and Soft Soaps,
Toilet Soaps, etc., including many New Processes, and a Chapter on
the Recovery of Glycerine from Waste Leys. By Alexander
Watt. 111. i2mo. . . . . . . . $3.00

WEATHERLY.—Treatise on the Art of Boiling Sugar, Crys-
tallizing, Lozenge-making, Comfits, Gum Goods,

And other processes for Confectionery, etc., in which are explained,

in an easy and familiar manner, the various Methods of Manufactur-
ing every Description of Raw and Refined Sugar Goods, as sold by
Confectioners and others. l2mo. ..... $1.50

WEDDING.—Elements of the Metallurgy of Iron.
By Dr. Hermann Wedding, Royal Privy Counsellor of Mines, Ber-

lin, Prussia. Translated from the second revised and rewritten Ger-
man edition. By William T. Brannt, Graduate of the Royal Ag-
ricultural College at Eldena, Prussia. Edited by William H.
Wahl, Ph. D., Secretary of the Franklin Institute, Philadelphia.

Illustrated by about 250 engravings. 8vo., about 500 pages {In prep-
aration.} .........

WEINHOLD.—Introduction to Experimental Physics, Theo-
retical and Practical.

Including directions for Constructing Physical Apparatus and for

Making Experiments. By Adolf F. Weinhold, Professor in the

Royal Technical School at Chemnitz. Translated and edited, with
the author's sanction, by Benjamin Loewy, F. R. A. S., with a

preface, by G. C. Foster, F. R. S. Illustrated by three colored plates

and 404 wood-cuts. 8vo., 848 pages .... $6.00

WIGHTWICK,—Hints to Young Architects :

Comprising Advice to those who, while yet at school, are destined

to the Profession; to such as, having passed their pupilage, are about;

to travel ; and to those who, having completed their education, are

about to practise. Together with a Model Specification involving a

great variety of instructive and suggestive matter. By Georgk
"Wightwick, Architect. A new edition, revised and considerably

enlarged; comprising Treatises on the Principles of Construction

and Design. By G. Huskisson Guillaume, Architect. Numerous
Illustrations. One vol. i2mo. . ... . . . $2.00

WILL.—Tables of Qualitative Chemical Analysis.
With an Introductory Chapter on the Course of Analysis. By Pro-

fessor Heinrich Will, of Giessen, Germany. Third American,



HENRY CAREY BAIRD & CO.'S CATALOGUE.

from the eleventh German edition. Edited by Charles F. Himes,

Ph. D., Professor of Natural Science, Dickinson College, Carlisle, Pa.

8vo. * $ I -5°

WILLIAMS.—On Heat and Steam :

Embracing New Views of Vaporization, Condensation, and Explo-

sion. By Charles Wye Williams, A. I. C. E. Illustrated 8vo.

$3 So

WILSON.—A Treatise on Steam Boilers :

Their Strength, Construction, and Economical Working. By Robert
Wilson. Illustrated i2mo $2.50

WILSON.—Cotton Carder's Companion :

In which is given a description of the manner of Picking, Baling,

Marketing, Opening, and Carding Cotton ; to which is added a list of

valuable Tables, Rules, and Receipts, by Foster Wilson. i2mo.
Si. 50

WILSON.—First Principles of Political Economy :

With Reference to Statesmanship and the Progress of Civilization.

By Professor W. D. Wilson, of the Cornell University. A new and

revised edition. i2mo. . . . . . . . $1-5°

WOHLER.—A Hand-book of Mineral Analysis.

By F. Wohler, Professor of Chemistry in the University of Gottin-

gen. Edited by Henry B. Nason, Professor of Chemistry in the

Renssalaer Polytechnic Institute, Troy, New York. Illustrated

i2mo $3.00

WORSSAM.—On Mechanical Saws:
From the Transactions of the Society of Engineers, 1869. By S. W,
Wt

orssam, Jr. Illustrated by eighteen large plates. 8vo. . $2.50






